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INTRODUCTION. 


The codling moth, Carpocapsa pomonella L., is the most serious 
insect pest with which the apple growers of Washington have to con- 
tend. Previous to 1915, little trouble had been experienced in con- 
trolling this pest, but in the years 1915 to 1918, inclusive, losses from 
wormy apples increased, more difficulty being experienced in the re- 
gion about Yakima than in the other important apple-growing regions 
of the State. This led the Bureau of Entomology, United States 
Department of Agriculture, at the request of the department of agri- 
culture of the State, to establish a field station at Yakima, in the 
spring of 1919, for the purpose of making a careful study of the 
eodling moth in Washington.’ 


1 With notes on the life history in the Wenatchee Valley of Washington. 

2 The work was done under the direction of Dr. A. L. Quaintance, in charge of Fruit Insect Investigations, 
Bureau of Entomology, in cooperation with the Washington Agricultural Experiment Station. The 
Senior author was placed in immediate charge of the work at Yakima, and was assisted throughout the 
investigations by thejunior author. During thesummer o0f1920, Miss Sadie E. Keen, now with the Bureau 
of Entomology, assisted temporarily with the life-history investigations. Valuable assistance and in- 
formation were aoe at various times by members of the Washington State department of agriculture, 
particularly by those located at Yakima in the capacity of horticultural inspectors. 
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THE YAKIMA VALLEY. 


The Yakima Valley of Washington, in a broad sense, includes ~ 
several valleys along the Yakima River on the east slope of the Cas- 
cade Mountains. These are situated in Kittitas, Yakima, and Benton 
Counties. The Kittitas Valley, about Ellensburg, has an elevation 
of about 1,500 feet, and little oP it is devoted to fruit raising. Follow- 
ing down the river the next valley is the Selah Valley, only a few 

iles square, and below this is the upper Yakima Valley, with its 
tributary districts, the Naches Valley and the Tieton section. These 
are all mtensively planted to fruit orchards, consisting mostly of 
apples, and the elevation varies from approximately 1,000 feet above 
sea level at Yakima to 2,000 feet at Tieton. Passing through a 
narrow gap in a range of hills below the city of Yakima, the river 
enters the lower Yakima Valley, which is much larger than the others. 
It is approximately 55 miles long, and varies in width from 2 to 25 
miles. The high ground east of the Yakima River is devoted 
largely to orchards, while the area west of the river, which is almost 
wholly included in the Yakima Indian Reservation, is mostly given 
over to the raising of hay, grain, and other field crops, though there 
are some orchards. 

Practically all of the cropped land in this naturally arid region is 
irrigated by means of water taken from the Yakima, Tieton, and 
Naches Rivers. According to the Yakima Commercial Club, there 
is a total of 240,000 acres of irrigated land in crops in the Yakima 
Valley, exclusive of the Kittitas Valley. Of this, approximately 
50,000 acres are in fruit. The tree census of Washington State 
department of agriculture shows that in 1918 there were about 2,000,- 
000 apple trees, 500,000 pear trees, and 500,000 other fruit trees in 
Yakima County. 

The climate of the Yakima Valley is dry, with a normal annual 
rainfall of from 7 to 9 inches, the distribution of which is shown in 
Table 1. During the summer the daily range of temperature is rela- 
tively great, often being 30°, and sometimes more than 40° F. A 
considerable amount of wind is experienced during the spring and 
early summer, which is doubtless a factor in distributing the codlin 
moth from one orchard to another. Table 1, taken from publishe 
data of the United States Weather Bureau, gives further details as 
to the weather during the years this investigation was in progress. 
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TABLE 1.—Annual meteorological summary, Yakima, Wash. 
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ee ation includes rain and melted snow, hail, ard sleet, ‘‘T’’ indicates trace of precipita- 
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DEFINITIONS OF TERMS. 


The terms used in describing the various stages of the codling 
moth are the same as those employed by other members of the 
Bureau of Entomology in previous life-history studies. 

A “generation” begins with the egg stage and ends with the adult 
* moth, and may or may not be completed the same season it 

egins. 

A “brood” includes the individuals of any one of these stages, 
such as eggs, larve, pupe, or adults, and may be spoken of as “first 
brood,” ‘‘second brood,” etc., to designate the generation to which 
it belongs. “Spring brood” includes the individual pupe or adults 
which come from the “wintering larve,” the latter being all the in- 
dividuals of all the generations of the preceding season which do not 
complete their development until spring. 

The time of cocooning is spoken of as the “cocooning period,” 
since it is a part of the larval period. 

The “‘life cycle” of any generation is the time from the deposition 
of the egg to the emergence of the adult. 

The “‘complete life cycle” includes the time from the deposition of 


the egg of one generation to the deposition of the egg of the next — 


generation. 

The terms used in this bulletin may be defined as follows: 

The wintering larve (spring-brood larvx) include all of the non- 
transforming larve of the first, second, and third broods of the pre- 
ceding season. 

The spring brood of pupx are the pupe from the wintering larve. 

The spring brood of moths are the moths emerging from the spring 
brood of pupe. 

The first generation includes: 

The first brood of eggs (deposited by spring-brood moths). 
The first brood of larve, both transforming and wintering. 
The first brood of pupe. 
The first brood of moths. 

The second generation includes: 

The second brood of eggs (deposited by first-brood moths). 
The second brood of larve, both transforming and wintering. 
The second brood of pupe. 

The second brood of moths. 

The third generation (not complete in Washington) includes: 

The third brood of eggs (deposited by second-brood moths). 
The third brood of larve, all of which are wintering larve. 


METHODS AND REARING APPARATUS EMPLOYED IN THE LIFE- 
HISTORY STUDIES. 


The method of procedure followed in the life-history work in 
Yakima was similar to that followed in other investigations of the 
codling moth by the bureau, the object being to obtain data easily 
mee to those from other sections of the country. 

All of the rearing cages were glass battery jars, 6 by 8 inches, 
covered with coarsely woven cloth tops held in place by rubber 
bands and containing a layer of slightly moist et in the bottom. 

Pupation studies.—Wintering larve in the cells of cocooning racks 
were confined in the battery-jar cages and observed daily for the 
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THREE VIEWS OF COCOONING RACK: a, WITH COVER REMOVED TO SHOW 
THE COCOONING CELLS; b, SIDE VIEW; c, TOP VIEW 
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Fig. 2.—VIEW IN EXPERIMENTAL ORCHARD SHOWING SOIL CAGES, ONE 
BAND CAGE, AND SHELTERS FOR AIR AND SOIL THERMOGRAPHS 
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time of pupation. The cocooning rack (PI. I) consists of a strip of 
soft wood 7} inches long, 1¢ inches wide, and one-fourth inch thick. 
On one side of this a central longitudinal groove is cut one-eighth 
‘inch deep and one-half inch wide. In this is glued a strip of pe 
wood, and on each side of it is a row of transverse cells extending to 
the edge of the rack, each cell being one-eighth inch wide and one- 
eighth inch deep. The hardwood strip prevents the larve from 
boring through to the cell on the opposite side. Each row of cells 
is covered with a strip of transparent celluloid, and a strip of paper 
is pasted to the hardwood, on which to record the number of each 
cell. The whole rack is covered with a thin strip of wood, held in 
place by wire paper clips. 

Studies of the pupal period were made from the same cages as the 
upation studies, the ate of emergence of the moth being recorded 
aily. 

Shidiss of moth emergence.—Each morning, before the heat of the 
day, moths emerging on the preceding day were counted and placed 
in oviposition jars. 

__ Studies of oviposition.—Moths were confined in the regular battery- 
_ jar cages, in which were fresh pear leaves and a small sponge mois- 
_ tened in a solution of brown sugar. The number of moths in each 
‘cage was limited to about 25, those issuing each day being confined 
together, but separated from those issuing on other days. The 
leaves were removed daily, the eggs counted, the sponge remoistened, 
_ and fresh leaves put in the cage. No effort was made to control the 
number of male or female moths in each cage. 
Studies of the length of life of the moths.—At the daily examination 
of the oviposition cages all dead moths were removed and their sex 
and length of life recorded. 
___ Studies of the incubation period.—Leaves on which eggs had been 
deposited were placed between sheets of wire cloth in battery-jar 
; cages to prevent them from curling. Daily observations to deter- 
mine the appearance of the ‘‘red ring,” which is probably the germ 
band, the “black spot,’’ which is the black head and cervical shield of 
the young larva, and the time of hatching were made. These obser- 
vations were made in the evening after the heat of the day. The 
number of eggs hatching was determined from the empty eggshells 
rather than from the number of young larve observed. Worm-free 
_ apples were placed in the incubation cages, in order that the worms 
might begin feeding immediately after hatching. These apples were 
_ removed daily and fresh apples substituted. 
Studies of the larval feeding period.—Apples containing newly 
_ hatched larve from the incubation cages were placed in wire baskets 
im regular cages each day. At the end of 10 days, cocooning racks 
é were placed in the cages and these examined daily, the number and 
date of larve leaving the fruit being recorded. ‘This is called the 
_ “stock-jar feeding method.” In the * bagged-fruit feeding method,” 
_ newly hatched larvze were placed on worm-free apples in the orchard 
and confined by a lanier paper sacks for 10 days, after which 


ff. a 


_ they were brought to the insectary and handled as in the stock-jar 
- method. 
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THE INSECTARY. 


Practically all of the life-history studies of the codling moth were 
made in the insectary, which was located in the rear of the laboratory 
(Pl. I, fig. 1). This was aframe structure 30 feet long by 12 feet wide, 
with a slanting roof dropping 40 inches to a minimum height of 8 
feet. The sides were covered with wire screen, permitting a good ~ 
circulation of air and preventing the escape of moths and the entrance ~ 
of intruders. It was shaded and protected from the wind by several 
buildings, a large tree, and canvas awnings. 

A thermograph and maximum and minimum thermometers in the © 
insectary were used to compute the temperature records referred to — 
in this bulletin in connection with the charts and diagrams. A ther- — 
mograph operated in the orchard where the spraying experiments 
were conducted showed the temperatures there 1 Hae a lower 
maximum and a higher minimum, but showed that the monthly 
mean temperatures for the growing season were only 0.79° F. higher 
than those at the insectary. The climatological data given in Table 1 
are taken from the records of the United States Weather Bureau 
station, which is about 3 miles from the insectary, and show the 
monthly mean temperatures of the same period to be higher by 
4.1° KF. The daily mean temperatures reported by the Weather 
Bureau are determined by averaging the maximum and minimum 
temperatures for the day. Those obtained in the insectary and 
orchard were computed by weighting the hourly readings recorded 
by the thermographs for the seasons of 1919 and 1920, while for 
1921 the daily average temperatures were computed from the ther- 
mograph records for each two hours. 


SEASONAL-HISTORY STUDIES OF 1919. 


The seasonal-history studies of the codling moth were commenced 
in the spring of 1919 with observations on the pupation period of 
wintering larve. The season of 1919 began with approximately 
normal temperatures, but an abnormal drop occurred on May 29 
and 30, the minimum temperature on the latter date being 32° F. 
The mean temperature for June was below normal, after which the 
weather was about normal for the rest of the fruit season. The 
rainfall was deficient, the year’s total being 5.5 inches, or 1.79 inches 
below normal. Apple trees bloomed at ya April 25 to 30, and 
the calyx spray was applied about May 10. 

The tables showing the seasonal history of the various stages 
should be considered separately, as, owing to accidents, natural 
mortality, or the removal of individuals for other reasons, it is not 
possible to carry all the individuals through all stages. The life- 
cycle tables, however, summarize the life history of those individuals 
which were reared from the egg to the adult stage 


WINTERING LARVA. 


Wintering larveeconstruct heavy, closely woven cocoons, usually 
well hidden under pieces of loosened bark on the tree trunk, in the 
crotches of the tree, and in the soil at its base. When the weather 
begins to warm up in the spring the larva opens one end of the — 
cocoon and forms a silken exit tube to the nearest place free from 
obstruction, through which the pupa wriggles when ready to disclose — 
the moth. 
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Material for the seasonal-history studies of 1919 was obtained from 
banded apple trees in the vicinity of Yakima. The larve were col- 
lected early in March, before the exit tubes had been constructed, and 
were allowed to spin new cocoons in the cocooning racks. 


PUP OF THE SPRING BROOD. 


Time of pupation.—Daily examinations of the cocooning racks were 
made and the first pupa was found on March 30. No more pupated 
until April 8, and the last wintering larva pupated on May 30. The 
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Fig. 1.—Pupation of the spring brood of the codling moth at Yakima, Wash., 1919. 


period of greatest pupation extended from April 15 to April 30, with 
a maximum April 27. The time of pupation of 201 individuals is 
illustrated in Figure 1. 

Length of the pupal stage-—Table 2 gives the length of the pupal 
stage of 180 pups of the spring brood. 


TaBLE 2.—Length of the pupal stage of pupex of the spring brood of the codling 
moth, Yakima, Wash., 1919. 


Pupal period in days. 1s Pupal period in days. 
Date of = Date of = 
ber of ber of 

pupation. | pupe.| Aver- | Maxi- | Mini- || PUPation. | nine | Aver- | Maxi- | Mini- 

age. mum. | mum. age. mum. mum. 

Mar. 30... 1 44, 00 44 44 || Apr. 29... 6 31. 67 34 29 

ADT os 8-5: 2 39. 50 40 39 30... 5 32. 60 34 31 

the 3 40. 00 41 39 || May 1... 1 32. 00 32 32 

12. 1 38. 00 38 38 Doms 1 32. 00 32 32 

13s 3 37. 00 37 37 3325 1 32. 00 32 32 

1525. 8 35. 25 36 34 Doa8 1 29. 00 29 29 

16:2: 4 35. 25 36 35 G25: 2 29. 00 30 28 

yee A 34. 00 34 34 Tee 3 29. 33 30 29 

ibis 3 33. 00 33 33 9. 2 27. 00 27 27 

19... 7 32. 57 33 32 1) Bee 1 28. 00 28 28 

1 ae a 31. 25 32 31 1G hea 2 26. 50 28 25 

74 ees 4 32. 25 34 31 12.. 1 30. 00 30 30 

22... 6 31. 00 32 30 14.. 3 29. 33 30 29 

23... 20 31. 05 33 29 tr ee 2 29. 50 33 26 

24... 8 31. 13 32 29 1 Rebs 1 31. 00 31 31 

25... 13 29. 92 31 26 a | apie 1 27.00 27 27 

eg 18 30. 28 31 29 PA lee iE 28. 00 28 28 

elec 22 31. 23 35 29 30... 1 27.00 27 27 

28... 14 31.14 34 29 

OVS ED ee OS ee ee ee ne Aer rors th rire 180 
Pavone LeNetH OF DIPS) POLlOd 1’ GAYS. -/... <2. 0c. cccc ceca ce necoseneewnecncean Be fe mine 31. 63 
Maximum length of pupal period in days.............2..2-ee ee een eee ee nec e eee e eee ce nec e nee ecenene 44 
minugum leneth of pupal period in days... .......-.--.csvecceseccssevcscecseucerececssyeccstcanss 25 
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MOTHS OF THE SPRING BROOD. 


Time of emergence.—The first moth emerged May 13, about two 
weeks after the apple trees were in full bloom. Moths continued 
to emerge until June 19, as shown in Figure 2, with a final straggler 
on June 26. The maximum period of emergence occurred from May 
18 to June 5, with a maximum of 85 moths on May 21. On May 


29 and 30 there was a decided drop in the temperature, resulting in a 


temporary falling off of the number of moths emerging. Otherwise 
the emergence curve is fairly regular. 

Oviposition by moths of the spring brood.—Oviposition records were 
obtained from 579 moths of the spring brood. One lot of moths, 
emerging May 27, 


90 N : "Fis 
£ ;) began ovipositing 
70 ® the next day, but 
= « the interval before 
— <0 N Oviposition aver- 
20 x aged 5.53 days, with 
20 < a maximum of 18 
§ 20 ‘ days. The interval 
72) < before maximum 
Dee ee Ft tle + “™ Oviposition aver- 


Mar JUNE aged 9.93 days, with 

Fig. 2.—Emergence of the ——— gine snobs of the codling moth at an average Ov1po- 

sition period of 

14.67 days and an average time from emergence to last oviposition 

of 19.2 days. All these data are given in Table 3. It must be borne 

in mind that these averages are for cages and not for individuals. 
Some individual averages will be found on page 67. 


TABLE 3.—Oviposition by codling moths of the spring brood in rearing cages, 
Yakima, Wash., 1919. 


Sex. Date of— Number of days— 
Total 
Ob- | N | F “Tee 
- |Num- rom er 
ser- | ber =: Be- | emer- From | of 
va- of Ree) ier First Maxi- | Last ovi-| fore jsenceto et pani eggs 
tion. |moths.} Male.| 1.) ence, | OViposi- (mum OVi-| ition, | OVi- | maxi- % 2 in ¢ | de 
aed pkgs tion. | position. | P "| posi- | mum | PS ovige: pos- 
tion. gree sition, ited. 
| 
1 19 14 5 | May 18] May 21] May 28] June 5 | 3 10 16 18} 13 
2 24 14 10 | May 19| June 6| June 6 | June 16 18 18 11 28 | 10 
3 26 18 8 | May 20] May 22] May 26] June 5 2 6 15 16} 4 
4 75 34 41 | May 21} May 23} June 1 /| June 15 2 11 24 25 | 212 
5 74 42 32 | May 22 | May 26] June 8 |...do..... 4 12 21 24 | 202 
6 18 9 9 | May 23 | May 31] June 6/ June 16 8 14 17 24 | 40 
7 50 18 32 | May 24 | May 26/ June 4 |...do..... 2 11 22 23 | 450 
8 25 14 117 May 25] June 1/{ June 1 |...do.... 7 7 16 22 | 157 
9 74 35 39 | May 26 do.....) June 4] June 17 6 9 17 22 | 112 
10 72 32 40 | May 27] May 28] June 3] June 14 1 7 18 18 | 493 
11 43 16 27 | May 28| June 1/{June 4] June 15 4 7 15 18 | 130 
12 26 12 14 | May 31] June 7| June 7/| June 8 7 7 2 8 4 
13 26 10 16} June 1 d@ec June 16 | June 16 6 15 10 15 | 21 
14 17 8 9/June 2/| June 12| June 14 |...do..... 10 12 5 14] 15 
15 10 | 3 7|June 3] June 6! June 6)...do..... 3 3 ll 13 5 
AVERSEO. ooo np niee mnae anid et eee eteniteieen Bis wien Bh ciate wee ae eee | 5. 58 9.93 114.67 | 1902071. - oe 
Maximum). 5.5725 <te» op iaeenanee see aaa ee ae Oe ve ona | 18 18 24 a8 [2 
Minimgnn o5 2. nich ananassae ee ao a eee | 1 | 3 2 ee * 
} 
Number of male MOthsS. .-n.n 6c sce caccussudansacecagassahsbekanassusaeassheshehSenanen se eens 279 
Number of female moths... i.sssc dees ota Sold ad dowclsdenine ass dwt Mb see ouek CURE Be Seen ee 300 
Total number Of MOChSere. a nm nna cess odes achsns es ssavecsegessss cheud 10. Us tus seen uasoe serene 579 
Total number Of CLs. . osc cncsccenaccasvasWebanadsddd sss ssae wens bet TOeEb «Onan eed Sloe ee enn 1, 907 
Average number of eggs per female MOU... seccsrssevvce<yreoecs=siuscerseseuneeuseuabus weds an eenen 6. 
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Number of eggs per female.—The average number of eggs per female 
in the cages from which the data Ryn in Table 3 were secured was 
6.36, 300 females depositing a total of 1,907 eggs. 

Length of life of moths.—Records of the length of life of 285 male 
moths and 300 females were obtained from the oviposition cages, 
and these are given in Table 4. 


TaBLE 4.—Length of life of male and female codling moths of the spring brood, 
Yakima, Wash., 1919. 


Male. | Female. Male. Temale. 


| 
Male Female. | 
| 
| = e 
Length age Length ah ier Length agar Length a Length pee Length aha 
of life. ent of life. manus of life. Pots’ of life. inthis! of life rth of life. maothce 
| 
Days Days Days. Days. Days. Days. 
1 1} 1 0 12 10 12 “al 23 12 23 13 
2 2 a, 4 13 16 13 18 24 4 24 6 
3 5 3 1 14 13 14 8 25) 9 25 8 
4 12 4 3 15 16 15 19 26 15 26 8 
5 9 5 3 16 18 16 16 27 8 27 9 
6 7 6 7 ily 14 17 27 28 5 28 2 
7 12 7 5 18 12 18 18 29 0 29 1 
8 11 8 9 19 5 19 19 
9 8 9 6 20 14 20 28 Total.. 285 | ‘Total.. 300 
10 13 10 11 21 7 21 13 
li 10 11 8 22 17 22 23 


Average length of life of male moths, 15.33 days; female moths, 16.91 days. 
Maximum length of life, male moths, 28 days; female moths, 29 days. 
Minimum length oflife, male moths, 1 day; female moths, 2 days. 


THE FIRST GENERATION. 


EGGS OF THE FIRST BROOD. 


Time of egg deposition.—Spring-brood moths in the insectary 
began ovipositing May 21, and with the exception of two days 
eges were deposited every 


ay il Siie At. These 6 segf— 1 Lt tr a 
two days were May29 and 30, eo}-_+_|__# SS 
Sa 
which were abnormally cold. 2? Tr oT Td 
Thé oviposition record is de- azo eee ee 
. . ize bow? Ea a ee er er ee 
lhneated in Figure 3. As § 3 me 70° 
Hl opb el Sal See ee 

shown on page 64, the ma- $3.4, Bac Ba 
jority of the eggs are depos- {2s0 te tS fon 
ited between 3 and 9p.m. S@%? ee eee ee 
) 220 > 

The average temperature for 8200 —— — & 
this 6-hour period is there- 4 ame 3 
fore given on the diagram, 8/22 Pe gee 


instead of the usual average zo 
daily temperature. A refer- N 
ence to Tables 52 and 53 & «0 
will show also that as the <¢ 


temperature decreases the er Jad || Oe CRE 
number of eggs deposited May vine * 


diminishes, until at 60° Jake Fic. 3.—Time of deposition of eggs of the first brood of the 
and lower it is rare for any codling moth at Yakima, Wash., 1919. 

ones at all to be deposited. Figure 3 shows graphically how closely 
the number of eggs deposited follows the fluctuations in the tempera- 
ture curve. The majority of the eggs of the first brood were deposited 


10 


from June 1 to June 8, inclusive, with a maximum deposition of 422 


eggs on June 4. 


Length of incubation.—Incubation records of 837 eggs are given in 
The earlier eggs required rather more than the average 
period for incubation, while later, when the temperature was higher, 


Table 5. 


the average period was much reduced. 


TaBLE 5.—Time of deposition and length of incubation of eggs of the first brood of 
the codling moth, Yakima, Wash., 1919. 


Number of days from deposition to appearance of— 
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Incubation period in days. 


| 
| 


Date of | Num- . 
deposi- | ber of Red ring. Black spot. 
tion. eggs. Aver- | Maxi- | Mini- 
Aver- | Maxi- | Mini- | Avere | Maxi- | Mink | Se eee oe 
age. | mum. | mum. age mum. | mum. 
pn fe te Be er 
May 26 35 5. 00 5 5 11. 00 11 11 12,91 14 12 ; 
27| 10] 3.00 3 3| 9.00 9 9] 11.30 i bc. ag 
June 1 61 3. 00 3 3 10.61 11 9 12. 65 14 12 
212 ~38 | Y 300 3 3| 10.00 10 10} 12.00 12] 12 
3 161 3. 00 3 3 10. 21 11 10 13. 02 14 12 
ay 218 5. 00 5 5 10.14 il 10 13. 96 15 13 
5 7 5. 00 5 5 12. 67 13 12 14. 47 16 14 
6} 34] 6.00 6 6| 12.00 12 12| 13.29 14 | Ps 13 
Vijipae 28 | 300 7 7} 10.00 10 10; 13.18 4} 13 
8 45 8. 00 8 8 10. 00 10 10 12. 51 13 12 
9 2 8. 00 8 8 10. 00 10 10 11. 50 12 11 
1} 14] 7.00 7 7} 9.00 9 9| 10.43 8 othe 
12} 36] 7.00 7 7} 9.00 9 9] 10.28 41-10" 
13} 10] 7.00 7 7| 8.00 8 8| 9.90 i 9 
14] 10] 6.00 8 6| 8.00 8 8} 9.30 10 9 | 
15 6} 6.00 6 6| 7.00 7 7} 9.00 9 9 | 
16 3 6. 00 6 6 8. 00 8 8 9. 00 9 9 | 
17 39 6. 00 6 6 7. 00 7 i! 8.05 9 8 | 
18 1| 5.00 5 5| 7.00 7 7} 8.00 8 8 | 
20 2} 4.00 4 4} 7.00 7 7} 9.00 9 9 | 
23 3} 3.00 3 3| 5.00 5 5| 6.00 6 6 | 
| 837 | 4.85 | 8 | 3 | 10.17 13 5| 1273|. — 16 ~ 
| | | 
150 LARVZ OF THE FIRST BROOD. 
40 © Time of hatching —First- 
130 a § brood larve began hatch- 
R720 75° ing in the insectary on June 
Syo 70°6 7 (fig. 4), and continued 
Rise es until June 29, a total 
Sas Sok pericd of 23 days. On 
nN une 10, 11, and 12, no 
se < larve hatched, owing not 
Wy 70 vo"™ so much to low tempera- 
$60 Y tures at this time as to 
& 50 es S the fet pare ar eggs 
W 20 were deposited on May 2 
N ap Eh de eee and 30. The majority of 
ro YA | AEE Al larvee hatched from June 16 
PT | JA ee eae to 20, inclusive, the maxi- 
OP Nk] mum'of 147 occurring on 
aS ep © . : June 18, 11 days after the 


_ 
YSUNE 


Fic. 4.—Hatching of larve of the first brood of the codling 
moth at Yakima, Wash., 1919. 


Table 6 gives the length of the feeding period of 135 first-brood larve 
(both transforming and nontransforming) in stock jars (see p. 5). 


first larva hatched. 
Length of the feeding 


period, stock-jar method.— 


Ci. a 
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TaBLE 6.—Length of feeding period of larve of the first brood of the codling moth, 
stock-jar method, Yakima, Wash., 1919. 


Feeding period in days. Feeding period in days. 
Date of | Num- Date of | Num- 
pgrer ng pe of if “ Sens ee of ‘i s 
Tuit. arve. axi- ini- Tuit. arvee. Maxi- ini- 
Average mum mum Average. mum. mum. 
June 14 6 25. 67 28 24 || June 22 5 25. 60 29 23 
12 25. 34 28 21 6 22. 50 24 21 
18 26 24.15 33 20 24 2 22. 50 23 22 
19 23 24.17 32 19 25 16 21. 63 25 18 
20 18 23.78 30 20 26 1 30. 00 30 30 
21 18 23. 50 33 20 28 2 19. 50 21 18 
SOLS) WEEE ED OD AIMES «(ore << cinco Aefhes da alte dares wincinn Uhicgs since oe ee come ance cee Maes na ac Gracioccesdbes 135 
mverace leneth of feeding Heri0d TTR OAS ne ne be cee gp eee bea duwogewene ened. oanen5- = 23. 82 
Maximum jeneth: oLieedine period tarda yS4-.5 2. kote < cook dca co ee cick his wa webucces odetteces cones 33 
Minimininieneen Of feeding Period 11) ays: sc 52.2 tno s Bee Bets enc ne reronere Boras aie Sate Bho s anes 18 


Length of the feeding period, bagged-frurt method.—The length of the 
feeding period of 70 larve (both transforming and nontransforming) 
reared by the bagged-fruit method (see p. 5) is given in Table 7. 
Larye reared by this method occupied a eens longer time in feed- 
ing than where reared by the stock-jar method. 


TaBLe 7.—Length of feeding period of larve of the first brood of the codling moth, 
bagged-fruit method, Yakima, Wash., 1919. 


Date of Num: eeding period in days Date of Num- Feeding period in days 

entering | berof! aver | Maxi- | Mini- || CBterimg | berof) aver | Maxi- | Mini- 

fruit. | larvae age. mum. mum. fruit. | Jarve.| “ase. mum. | mum. 

June 7 3 25. 00 26 24 June 18 3 25. 00 27 24 

9 2 33. 50 39 28 19 6 7 tea by 24 18 

12 3 24, 33 26 22 20 15 25. 33 33 22 

13 6 27. 50 29 rds 21 5 23. 40 26 21 

16 10 24, 20 27 22 23 6 24. 00 27 21 

17 6 24. 50 28 22 24 5 25. 00 29 22 
SOLS HEV tyet Nols Oh ar Woe ae eet ese RO nc ee eee do Se cce ES ee ak ae lee Se Bas 70 
USI eCNoNe ior fecOine POLlOGHBHIGAMS |. . Steen oe est cade oan oo kccasecaccseccccecsnceoteee teenee 24,81 
Masami) |onegiol ceeding perioduliGays == eee 4s. wc ee 2k ee eh) eee ee 39 
Panny Pn eh BL feces pernOGdn. Gays ©2525 58 oe sere sete eee ee 18 


Length of the cocooning period.—The cocooning period represents 
the total time elapsing from the date the larva leaves the fruit until 
it pupates, although the actual period of constructing the cocoon is 
necessarily somewhat shorter. In Table 8 will be found data show- 
ing the cocooning period of 146 transforming individuals of the first 

rood. 


TABLE 8.—Length of cocooning period of transforming codling moth larve of the 
first brood, Yakima, Wash., 1919. 


Niet Cocooning period in days. Nin: Cocooning period in days. 
Lary & left ber of ainsi e Up BMT’ Gan cA ee Larve left ber of 
fruit. | jarve. | Average at, wont fruit. | Jarve. 
July 1 1 6. 00 6 6 July 14 17 
2 1 6. 00 6 6 15 22 
3 1 5. 00 5 5 16 12 
4 1 4.00 4 4 17 3 
7 1 5. 00 5 5 18 3 
8 9 4. 56 5 A 19 6 
9 8 | 5. 25 9 s 20 2 
10 10 4. 80 5 4 21 1 
11 il 4,91 8 4 23 I 
12 21 6. 81 25 4 24 1 
13 14 7.07 21 4 
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PUPZ OF THE FIRST BROOD. 


Time cf pupation.—Transforming larve of the first brood began 
pupating July 7, and continued until August 12, the largest number 
pene from July 13 to 23, with the maximum July 19. (See 

ig. 5.) 


‘To. 
bed V7 


N 
J. 


Q Od N\ 
3.5 Ns 


NOMELR OF FPULIFE 


SALE. 


Fig. 5—Pupation of the first brood of the codling moth at Yakima, Wash., 1919. 
Length of pupal stage.—Data on the length of the pupal stage of 


the first brood of pupze were secured from 128 individuals, as in- 
dicated in Table 9. 


TaBLe 9.—Length of the pupal stage of pup of the first brood of the codling moth, 
Yakima, Wash., 1919. 


Pupal period in days. Pupal period in days. 


perc ot ane Se al ae, ES ae of Shea 
pupation. Masiz Mini. || Pupation. mace Mini- 
pupe. | ,_ axi ni pupe. d axi ni 

Average.| mum. mum. | Average um. mum 

July 7 1 12. 00 12 12 July 23 6 14. 00 17 9 

8 2 11. 50 12 11 | 1 13. 00 13 13 

12 a 11. 00 12 10 25 3 12. 33 14 12 

13 ‘ij 12. 43 14 10 26 1 15. 00 15 15 

14 5 12. 60 13 il 28 1 14. 00 14 14 

15 11 12. 55 15 ll 29 3 15. 33 16 15 

16 9 12. 22 13 il 30 1 13. 00 13 13 

17 i) 12.11 13 11 Aug: 3 1 14. 00 14 14 

18 12 13. 42 21 12 4 2 13. 50 14 13 

19 13 17. 31 44 il 5 Z 13. 25 14 13 

20 9 12. 89 15 10 6 1 15. 00 15 15 

21 11 16. 27 44 10 7 1 12. 00 12 12 

22 8 17.75 37 13 11 2 13. 00 14 12 
Dotat mm ber Of pups =~ 2s od Ape see ace eaes beck den ong sane osnerep ase pa han- dees ss oes eee 128 
Averages length ofthe pupal stare In days. 263)... 22. LS. 2b on nee -n See hs -a eee eee 13. 91 


oltre 
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MOTHS OF THE FIRST BROOD. 

Time of emergence.—Figure 6 combines the records of emergence 
of the first brood of moths from insectary-bred material and “from 
band-record material. The first moth emerged July 8, the last, 
September 24, and the maximum number, J a 19. “From the in- 
sectary-bred material, the first moth was secured July 19, the last 
September 3, and the maximum July 30. Some, if not most, of the 
moths emerging in September ried the band-record material were 
Rae second-brood moths, as several second-brood moths emerged 
rom the insectary-bred material at this time. There is some over- 
lapping, as evidenced by the fact that the first moth of the second 


75 
GE ESSE PEE a Se Eee a ee ee + 


cere iE el ae See aaa a a 
0 1 cant See a a a 
Resi Sah A suena Pe ea ee 
Allie r e 
eae ier eee ei ee 
per TH pac oe gtlv etal Atlee 
Se ieee At ee Sel Eas 
83a LN a a) 0) PF BT a 
gee Ny 
BoA Sa eee” 
at 
os —— TA TRAN Na S 
aE a aed mele aces oP RAV. Aa kerba DN © PPE a 

/ WEN Ef PTE es ELA CeO On COMO 

LPPOCGU ST OLP7 LMEBLY 


Fic. 6.—Emergence of the first and ee Brees of moths of the codling moth at Yakima, 
ash, 


brood emerged August 29, while the last of the first brood emerged 
September 3. For this reason, and because the second brood is 
quite small, the records of the two have been combined. 

Oviposition by moths of the first brood.—As the spraying schedule in 
the Macinsy Valley requires an application of spray for the earliest 
worms of the second brood, it is important to obtain the earliest date 
of oviposition. On account of this, moths emerging from the band- 
record material collected in the field were ieotl for obtaining ovi- 
position records, as the larve from which they were reared had been 
under natural conditions. A total of 1,251 moths were used. In 
most cases these moths began ovipositing the day following their 
emergence. (See Table 10.) The averages are for cages and not 
individuals. For some individual averages see page 69. 
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TaBLEe 10.—Oviposition by codling moths of the first brood in rearing cages; 
Yakima, Wash., 1919. 


Sex. Date of— Number of days— 
Total 
From num- 
ser. | NO Maxi Be | omer | oy | Erom | ot 
e F ence emer- 
ya" |moths. Fe | Emer- | First | mum Last | fore | BY O° | ovi- gence | “Fs 
tion. Male. ovipo- . Ovipo- | ovi- : c- 
Male.| gence sition. ovipo- | sition osi- | ™&Xi- | posi- | to last | 1. 
; sition. * | Pon, | Mum | tion. | ovipo- | POS 
* | ovipo- sition. , 
sition. 
1 18 a 11 | July 16| July 18] July 21] Aug. 4 2 5 18 19 | 167 
2 32 17 15.) daly 27) 4....d0..... July 20| July 26 1 3 9 9 | 196 
3 11? 20 1 44) daly: G8 duly | ose. Aug. 3 2 oy ae 16 | 144 
4 74 40 S40 Oly 9 ota GOz5- 55 la5-GOs.ce4 Aug. 7 1 1 19 19 | 923 
5 25] 10] 15|July 20| July 21] July 21] Aug. 3 1 1| 14 14 | 406 
6 58 | 25] 33| July 21] July 22] July 23| Aug. 9 1 2} 19 19 | 481 
7 46 23 23 | July 22} July 23} July 29} Aug. 5 1 7 14 14 | 237 
8 20 11 9} July 23] July 26 | July 30| Aug. 3 3 7 9 11 | 108 
9 23| 14 9| July 24 |...do..... July 29] Aug. 9 2 5] 15 16 | 209 
10 29 14 15| July 26| July 29} Aug. 1] Aug. 6 3 6 9 1] } 248 
il 33 10 23 | July 27} July 28] July 29} Aug. 9 1 2 13 13 | 657 
12 36 11 25 | July 28 | July 29 dQ noes 1 1 12 12 | 720 
13 36 11 25 | July 29 | July 30] July 31 | Aug. 11 1 2 13 13 | 930 
14 50 27 23 | July 30} July 31} Aug. 7} Aug. 19 1 8 20 20 | 667 
15 30 15 15 | July 31} Aug. 2) Aug. 5] Aug. 18 2 5 17 18 | 291 
16 19 10 9} Aug... 1/2. do:....|-. .dol-}| Ang. 20 1 s 9 9 | 376 
17 27 16 1 | Aug. 2 | Ang. 5 |..-do..2- Aug. 14 3 3 10 12 | 129 
18 21 7 14| Aug. 3}| Aug. 6] Aug. 6] Aug. 21 3 3 16 18 | 356 
19 25 11 147>)\ Augy 75 |-° doz... - Aug. 9 | Aug. 15 1 = 10 10 | 750 
20 40 17 23 | Aug. 6| Aug. 7] Aug. 7 | Aug. 24 1 1 18 18 | 249 
21 22 10 12} Aug. 7] Aug. 8} Aug. 10} Aug. 11 1 3 4 4| 66 
22 27| 13] 14| Aug. 8| Aug. 9] Aug. 9| Aug. 18 1 1{° 10 | 465 
23 28 9 19 | Aug. 9! Aug. 12] Aug. 12|Sept. 4 3 3 24 26 | 254 
24 31 15 16 | Aug. 10 | Aug. 11 | Aug. 14 | Aug. 21 1 2 11 11 | 508 
25 27 6 21 | Aug. 11 | Aug. 14] Aug. 18 | Aug. 29 3 7 16 18 | 229 
26 33 13 20); Aug. 12s ee dos eet 2 d0:2<< Aug. 25 2 6 12 13 | 543 
27 27 11 16 | Aug. 14] Aug. 15 | Aug. 15 | Aug. 27 1 1 13 13 | 179 
28 14 6 8 | Aug. 15} Aug. 17} Aug. 18} Aug. 25 2 3 9 10 | 211 
29 30 9| 21|Aug. 16] Aug. 18]Aug. 20] Sept. 3 2 4| 17 18 | 610 
30 37 18 COO ASE se Onee co koa Sept. 2 1 3 16 16 | 207 
31 45 19 26 | Aug. 18 | Aug. 19 | Aug. 21 | Aug. 31 1 3 13 13 | 585 
32 32} 16{ 16|Aug. 19| Aug. 20] Aug. 20 | Sept. 10 1 1| 22 22 | 448 
33 27} 12) 15|Aug. 20| Aug. 21] Aug. 23] Sept. 4 1 Sti 15 | 3% 
34 32 12 20 | Aug. 21 | Aug. 22 | Aug. 25] Sept. 10 1 4 20 20 | 480 
35 26 11 15 | Aug. 22 | Aug. 23 | Sept. 2 | Sept. 13 1 11 22 22 | 338 
36 22 10 12 | Aug. 23} Aug. 24] Aug. 25 owe 38 1 2 21 21 | 315 
37 21 8 13 | Aug. 24 | Aug. 25 | Aug. 28 | Sept. 10 1 + 17 17 | 190 
38 21) 12 9| Aug. 25 | Aug. 26 Aug 30 | Sept. 13 1 5| 19 19 | 286 
39 21 9 12 | Aug. 26 | Aug. 28 o.4 0% 2 4 17 18 | 320 
40 16 5 11 | Aug. 28} Sept. 1] Sept. 2 | Sept. 16 4 5 16 19 | 685 
41 10 4 6 | Aug. 29 }-.-do....- Sept. 7 | Sept. 13 3 9 13 15 | 228 
42 20 10 10 | Aug. 30 | Sept. 2 | Sept. 13 | Sept. 18 3 14 17 19 | 216 
43 19 11 8 | Aug. 31 | Sept. 1 | Sept. 9 | Sept. 20 1 9 20 20 | 276 
SA VORACB Omens boc cake eects ce oath « Cee Maw d ane heen? cin eee 1.63 4,2) 14.95 | 15.58 |s. <5... 
Maga 1iy9 254). SY. Te. ees ae oes ast eee aka 4 14 24 pit) pee SES 
MALT Soe co een aot on et Soe ee hee ae 1 1 4 Ala cdacd 
Numberiof male Moths] a eee own cs ae ew ae Pena ew a bs ooh denne See ee eee se eee 555 
Wiumiber of female moths. 52. 2 pete nic ai ol o's sinew (cma ao oo amici altace le tee 696 
otal number: of Moths.csssc so seen ss Seta cows sews Set esine eee ee ee Le echt oe ein ee 1, 251 
Total number of erps cose k a ses Seder Se wee Cabin conn ena clae a beme ae Ren hep eee eee 16, 279 
AVerage number of egys per female moths 3 0. 26. < ocd nl cece pean ak des eee ee tae eee nee 23. 39 


Number of eggs per female moth.—Table 10 shows that 696 female 
moths deposited 16,279 eggs, or an average of 23.39 eggs per female. 

Length of life of moths.—Table 11 shows that of 555 male moths 
and 694 female moths, the males lived slightly longer. 


ow ® am, 
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TaBLE 11.—Length of life of male and female codling moths of the first brood, 
Yakima, Wash., 1919. 


Male. Female. Male. Female. Male. Female. 


< : i : Tian 
Length mee Length ae Length ied Length nea Length eee Length rafeett 


of life. matis: of life. moths of life. caida of life. maths: of life. moths.| °f life. miGthe 


Days. Days. Days. Days. Days. Days. 

1 0 1 2 15 21 15 40 29 8 29 1 
2 2 2 3 16 21 16 33 30 1 30 1 
3 5 3 4 17 23 17 24 31 3 31 2 
4 10 4 4 18 24 18 27 32 1 32 0 
5 6 5 9 19 20 19 15 33 1 33 1 
6 26 | 6 17 20 19 20 15 34 3 34 0 
7 42 7 39 21 15 21 19 36 0 36 1 
8 41 8 56 22 13 22 15 37 0 37 1 
9 45 9 66 23 8 23 7 38 1 38 0 

10 40 10 73 24 8 24 11 39 2 39 0 

il 26 11 62 25 9 25 9 44 1 44 0 

12 32 12 55 26 6 26 6 45 1 45 0 

13 35 13 40 27 7 27 4 

14 26 14 27 28 3 28 5 || Total.) 555 | Total.| 694 


Average length of life of male moths, 13.97 days; female moths, 13.09 days. 
Maximum length of life of male moths, 45 days; female moths, 37 days. 
Minimum length of life of male moths, 2 days; female moths, 1 day- 


LIFE CYCLE OF THE FIRST GENERATION. 


Life cycle, stock-jar feeding method.—Table 12 gives the life cycle of 
78 indsviduals of the first generation, all of which were reared from egg 
to moth, the larve being fed by the stock-jar method. The incubation 
period averaged 12.18 days, larval feeding period 23.59 days, co- 
cooning period 7.69 days, pupal period 13.33 days; a total of 56.79 
days for the life cycle. In order to arrive at the complete life cycle 
from deposition of first-brood egg to deposition of second-brood egg 
1.63 days should be added, which is the average interval between 
emergence of the first-brood moth and egg deposition. This gives a 
complete cycle of 58.42 days. 


TaBLE 12.—Life cycle of the first generation of the codling moth as observed by 
rearing, stock-jar feeding method, Yakima, Wash., 1919. 


Maat aoe Cocooning period. | Pupal period. Life cycle. 


Date of |ber of| In- 

ee de--| igi.| Cube, we. Go eee 

a ee tion. | 4 ver- |Maxi-| Mini-| Aver- |Maxi-| Mini-| Aver- |Maxi-| Mini-| Aver- |Maxi-| Mini- 
age. |mum./mum.| age. |mum./mum.| age. |mum.;/mum.| age. |mum.jmum. 


| | | | cr! c— sweree “ee qqqyKr KPEy cre cKr ~iqur 


June 2 12 60 4 59 al 
3 6 13 | 25. 83 28 22 | 6.50 il 4 | 12.83 16 10 | 58. 16 64/1 53 
4 12 14 | 24.08 31 21 | 6.83 15 5 | 13. 50 15 12 | 58. 41 ee as: 
5 7 14 | 23. 86 32 19 | 13.00 21 4 | 12.14 14 10 | 63. 00 741 48 
7 14 13 | 24.07 30 20 | 7.28 19 4 | 14, 42 37 11 | 58. 77 82) 49 
8 15 IS Auese ON 33 20 | 6.67 28 4 | 13.27 15 10 | 56. 01 78} 49 

12 2 10 | 23. 50 24 231-550 6 5 | 13. 00 13 13 | 52. 00 by Aa sy 
12 4 11 | 22. 50 24 Z| 14225 26 5°12, 00 12 12 | 59. 75 72} 49 
15 1 9 | 23.00 23 23 | 6.00 6 6 | 14. 00 14 14 | 52.00 ya sy” 
17 1l 8 | 21.91 24 18} 5.82 10 4 | 13. 64 15 9 | 49. 37 63 | 45 
20 1 8 | 18.00 18 18 | 5.00 5 5 | 12.00 12 12 | 43. 00 43 | 43 


—————SS|S | |_| nn Se ——- C 


1 Add 1.63 days for complete life cycle. 


Life cycle, bagged-fruit feeding method.—In Table 13 are shown the 
life-cycle figures for 48 individuals of the first generation, the larvee 
of which were fed by the bagged-fruit method. 
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TasBLe 13.—Life cycle of the first generation of the codling moth as observed by 


rearing, bagged-fruit feeding method, Yakima, Wash., 1919. 

Num- Larval feeding 

Date of {ber of| In- | period. 
egg de- | indi- | cuba- 

position. | vid- | tion. | Aver- |Maxi- 


Cocooning period. Pupal period. Life cycle.1 


Mini-} A ver- |Maxi-| Mini-|) Aver- |Maxi-| Mini-| A ver- |Maxi-|Mini- 


uals- | age. Na aEs ated (paneer age. ;mum.;mum.; age. |MuUM.;mumM.; age. |MumM.;mumM. 
Days.| Days. | Days.| Days.| Days. | Days.| Days. Days. | Days.;| Days.| Days. | Days.| Days. 
May 26 2| 12 | 25.00 36 24| 5.50 6 511200} i2| 12|5450] 55] 54 
June 1 3| 11} 24.33 | 22) 4.67 5 4/11.67| 13] 11|51.67] 55] 48 
; 1 3| 12] 26.67| 28| 25 4.67 5 4/1233] 13] 12] 55.67] 58] 53 
3 5| 13/2400] 26| 22} 4.60 6 4/1260} 14] 10|5420] 59] 49 
3 4| 14/23.50| 25} 22] 5.00 6 4|13.00| 14] 12)55.50| 57] 54 
4 2| 14/25.50| 27! 24] 5.00 6 4/1300] 13) 13] 57.50} 60) 55 | — 
5 6 14 | 23.17] 26) 20| 5.33 6 4/178 | 44 11 | 60.33 | 88} 50 qf 
Sis 11 |) 12 | 2455} «BOT 224);-5. 3B 7 5|13.73| 19] 11|55.64] 63] 50 
8 3| 13|2267| 24] 21] 4.00 5 3| 11.67] 12| 11] 51.34] 52] 50 ; 
12 5] 11) 23.40] 27| 21| 5.20 6 5112.40] 14| 11)52.00] 57] 48 
15 4 9| 25.25} 29| 22) 475 6 4|22.295| 44] 13161.25} 80] 51 ; 
on Pn Ge es be Gee en GLE En De ne ee a) ' 
48 |12.25 | 24.23 | 30 | 20 | 5.00} 7 3|1419| 44! 10|55.67| 88| 48 


1 Add 1.63 days for complete life cycle. : 
THE SECOND GENERATION. 
EGGS OF THE SECONI BROOD. 
Time of deposition.—The first eggs of the second brood were 
deposited by first-brood moths on July 15, and eggs were deposited 
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Fic. 7.—Time of deposition of eggs of the second brood of the codling 

.moth at Yakima, Wash., 1919. 
daily until September 20, as shown in Figure 7. The maximum 
period of oviposition is less decided and much longer than that of 
the spring brood of moths (see p. 9). It extended from the latter 
part of July until nearly the last of August, with an actual maximum 
of 829 eggs on July 29, 
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Length of incubation.—Data on this phase of the life history are 
set forth in Table 14. The average incubation period of 8.72 days 
is not much more than half that of the first brood of eggs. 


TaBLe 14.—Time of deposition and length of incubation of eggs of the second brood 
of the codling moth, Yakima, Wash., 1919. 


Number of days from deposition to appearance of— 
Incubation period in 


days. 
Date of | Num- Red ring. Black spot. 
deposition. eggs. 
Aver- | Maxi- | Mini- | Aver- | Maxi- | Mini- | Aver- | Maxi- | Mini- 
age. | mum.|mum.]| age. |mum./|mum.]| age. | mum. | mum. 


Jaly 15 3 3. 00 3 3 6. 00 6 6 7.00 7 7 
17 4] 2.00 2 2| 5.00 5 5 | 7.00 7 7 
18 271} 2.00 2 2} 6.00 6 6| 7.22 8 7 
19 s| 3.00 3 3] 5.00 5 51 6.63 7 6 
20 52] 2.00 2 2| 5.48 6 5 | 7.48 8 7 
21 118] 2.00 2 2} 6.00 6 6| 7.25 8 7 
22 162] 2.00 2 2/| 6.00 6 6 | 7-10 8 h, 
23 99} 2.00 2 2| 6.00 6 6| 7.04 8 7 
24 44] 2.00 2 2/ 6.00 6 6| 7.55 9 7 
26 90} 2.00 2 2| 6.00 6 6| 7.62 8 7 
97 106 | 2.00 2 2| 6.00 6 6| 7.66 8 7 
28 76] 2.00 2 2| 6.28 7 6| 8.28 9 8 
29 359 | 2.00 2 2|. 7.27 8 | ae 10 8 
30 213°| 2.00 2 2/ 7.00 % 7 Seis 9 8 
31 261 | 2.00 2 2| 7.00 7 Fa ess 9 8 

Aug. 1 231} 3.00 3 3{/ 7.00 7 71 $26 9 8 

2 135 | 2.00 2 21 7.00 7 7 la RO 9 8 
3 77 | 2.00 2 2| 7.00 7 7 | 4.8.34 9 8 
4 102} 2.00 2 2| 6.00 6 6| 7.16 8 7 
5 201| 2.00 2 2| 6.00 6 6| 7.19 8 7 
6 151| 2.00 2 2} 6.00 6 6| 7.00 7 7 
7 130 | 2.00 2 2| 6.00 4 6| 7.60 9 7 
8 591 2.00 2 21 6.00 6 6| 7.90 8 7 
9 120} 2.00 2 2| 6.00 6 6| 7.04 8 7 
10 i15| 2.00 2 2| 6.00 6 6| 7.22 8 7 
12 64] 2.00 2 2| 6.00 6 6| 7.00 7 7 
13 91] 2.00 2 2| 6.00 6 6| 7.08 8 ” 
14 108 | 2.00 2 2/ 6.00 6 6| 7.03 8 7 
15 561 2.00 2 2| 6.00 6 6| 7.07 8 7 
16 104} 2.00 2 2| 6.00 6 6| 7.02 8 y; 
17 591 2.00 2 2| 6.00 6 6| 7.10 8 7 
18 31] 2.00 2 2! 6.00 6 6| 7.16 8 7 
19 28 | 2.00 2 2/ 6.00 6 Gl. 707 8 7 
20 581 2.00 2 2| 6.00 6 Cc Bey eau 8 7 
21 158 | 2.00 2 2| 6.00 6 6| 7.72 8 7 
22 52} 2.00 2 2| 6.94 7 6| 8.06 9 7 
23 100} 2.00 2 2| 7.00 7 7| 8.05 9 8 
24 94{ 2.00 2 2} 7.00 B 7 | 9.27 10 9 
25 101} 2.00 2 2!/ 8.00 8 s| 10.19 12 10 
26 36 | 2.00 2 2| 9.00 9 9 | 12.50 14 12 
27 22| 2.86 3 2| 10.86 11 10 | 12.05 13 11 
29 158] 2.00 2 2} 10.85 13 10| 12.61 15 11 
30 109 | 2.00 2 2} 13.00 13 13 | 15.49 17 14 
31 14] 1.00 1 1} 14.00 14 12 (5-71 17 15 
Sept. 1 29| 2.00 2 2! 14.00 14 14| 15.66 17 15 
2! 103| 2.00 2 2| 14.00 14 14| 16.29 17 15 
3 54| 4.00 4 4| 13.00 13 13 | 14.00 14 14 
4 18} 5.00 5 5 | 12.00 12 12| 13.33 14 13 
7 109} 5.00 5 5 | 9.00 9 9 | 10.41 11 10 
9 117} 4.00 4 4| 9.00 9 9| 10.71 12 10 
10 86] 4.00 4 4| 9.00 9 9] 11.26 12 11 
13 105} 3.00 3 3|/ 8.00 8 8 | 10.92 12 9 
14 521 3.00 3 31 9.00 9 9| 11.06 12 10 
15 20! 4.00 4 4} 9.00 9 9! 11.10 12 10 
5,079 | 2.26 5 f.| 59 14 5 |) 8272 17 6 


74366°—24——2 
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LARVZ OF THE SECOND BROOD. 


Time of hatching.—Second-brood larve were hatching for more than 
two months, beginning July 22, reaching a maximum August 7 and 
continuing until September 27. A reference to Figure 8 will show 
that the maximum period of hatching was much more prolonged 
than was the case with the first brood of larve. 
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Fic. 8.—Hatching of larve of the second brood of the codling moth at Yakima, Wash., 1919. 


Length of feeding period, stock-jar method.—Table 15 shows data of 
327 larvee of the second brood, reared by the stock-jar method. 


TaBLE 15.—Length of feeding period of larve of the second brood of the codling 
moth, stock-jar method, Yakima, Wash., 1919. 


Feeding period in days. Feeding period in days. 
Date of | Num- Date of | Num- 
entering er of ie De oplering a2 of a Fe 
fruit. arve. s axi- ini- Tui arve. axi- Mini- 
Average.) mum mum. Average-| mum. | mum 
July 22 3 26. 00 32 92 || Aug. 14 7 oA. 71 26 22 
25 4 37. 25 69 26 5 16 32. 81 66 20 
27 2 30. 00 38 22 16 10 39. 90 67 31 
28 fi 39. 29 53 23 17 12 34. 50 56 27 
29 13 29. 08 56 21 19 3 39. 00 46 35 
30 13 28. 85 43 22 20 6 37. 00 53 15 
Aug, 1 5 28. 20 36 23 21 5 44, 60 52 36 
2 8 29. 00 39 me 22 4 52. 50 57 47 
3 4 26. 50 28 24 23 5 44, 20 60 27 
4 4 30. 50 38 25 24 2 47. 00 7 47 
5 8 29. 63 43 19 25 2 49, 50 56 43 
6 12 34, 75 61 23 26 2 59. 00 63 55 
7 37 29. 62 40 20 27 4 44,75 54 38 
8 36 33.75 57 19 28 4 54. 00 61 49 
9 16 38. 31 62 22 30 1 51, 00 51 51 
10 15 37. 67 46 28 31 i) 52. 00 52 52 
11 12 35. 58 56 19 Sept. 4 1 22. 00 22 22 
12 21 34. 81 51 16 7. 1 39. 00 39 39 
13 21 33. 10 50 21 
Ue en 
Motal number Of larvsel. ...<-s<ne2cncesesemsweesenasenewsvoccpnewteqnh ome =shohe seh e=nbe ass > see ene 327 
Average length of feeding period in days.........-2-.-2-. 2c cece cece cece e reece cent nen e nent n es eeseees 34. a 


Maximum length of feeding period in BUS onan dupe on tian ony ooo cwhaneet naps seks naeee Sane eae ‘ 
Mininum length of feeding period in dayS,.......---eeeeeee sence eee e eee ee eset eeeenenrseereneeennes 15 
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Length of feeding period, bagged-fruit method.—In Table 16 it will be 
found that 93 larve reared by the bagged-fruit method fed an average 
of 29.75 days. The reason this average is less than that of the 
stock-jar larve is that this method was used only for larve entering 
the fruit for a period of two weeks, and during the time they were 
feeding the temperature averaged warmer than it did for the whole 
period of feeding of the second brood, which is covered by the stock- 
jar larvee. 


TABLE 16.—Length of feeding period of larve of the second brood of the codling 
moth, bagged-fruit method, Yakima, Wash., 1919. 


Davee). Wee Feeding period in days. Date of Num. Feeding period in days. 

entering | ber of Mee Arial entering ero | Maxi- Mini- 

fruit. larvee. | Average.) Fim. eS fruit. larvee. | Average. | See, tenes 

July 26 5 28. 00 34 25 Aug. 3 6 29. 00 t4 22 

27 6 28. 83 43 4 8 27.38 39 17 

28 4 31.00 42 21 5 6 30. 67 42 22 

29 9 24, 89 33 21 6 7 29. 86 49 22 

30 8 27.75 37 21 7 7 35. 29 45 22 

31 9 24.78 29 22 9 14 34. 71 40 24 

Aug. 2 + 35. 50 43 27 

UG PUR Cile i Ga oe hoa sckbedls seicereeda oh pies ee Se eee eee: CASE SESE: aaeerane aie Ae 93 
Bverage lenis offecdine peried in gays-:: oc. $ir2--b ire, 25 tte- -2 stb Ebi pe s- 98 Jeuy- Lea ed 29.75 
MAaINUTM GUST OLIelO NPSL OMG NG OA YS «ata iain ais ciate erica emp mcio ceinaininiin Bini s.misynicisiga oe eree nee 49 
Riroimuon lene bot feed iar enon Avs. <0 ts tose ses fs oe inlet al ise oe eat ee 17 


Length of the cocooning period.—Only five larve of the second brood 
pupated, all of them ene among the earliest to leave the fruit. 
The cocooning period of these larvee was 5, 6, 7, 9, and 9 days, re- 
spectively, the average being 7.20 days. 


PUP OF THE SECOND BROOD. 


Time of pupation.—One larva pupated on August 18, one on August 
26, and three on August 28. 

Length of the pupal stage.—The pupal stage of these five individuals 
was 11, 14, 16, 19, and 20 days, respectively, the average being 16 
days. | 


MOTHS OF THE SECOND BROOD. 


Time of emergence.—The five pupz mentioned above produced 
moths on August 29, September 11, 13, 15, and 16. 


LIFE CYCLE OF THE SECOND GENERATION. 


The life cycle of five individuals of the second generation is given 
in Table 17 and averages 52.2 days, which is somewhat shorter than 
that of the first generation. 


TABLE 17.—Life cycle of the second generation of the codling moth, as observed by 
rearing, Yakima, Wash., 1919. 


Date of— Days required for— 

Egg deposition. Sd Larvee Pax Emer- | tneu- Feed- Create ral Life 

g- leaving ncn gence of |) ation. | img Of | “in Be eyela 

fruit. * | moths, |?240D-! larvee. Be: 1B ieee: 
= [EE oe Se ev GE Bel SS GE cc_(—- eo, |__| — — |---| Ur 
Maly Woe et July 22 | Aug. 13 | Aug. 18 | Aug. 29 7 22 5 11 45 
LN OU, age Lala July 25 | Aug. 20} Aug. 26 | Sept. 15 7 26 6 20 59 
Sele al July 27 | Aug. 194 Aug. 28 | Sept. 11 7 23 9 14 53 
(eee Juky 29rhseidorti: jsk< do Sept. 13 7 21 9 16 53 
ripe aaa Aug. 4) Aug. 21 do Sept. 16 8 17 7 19 51 
MANN rich ele eben mcetarl-deredd-< tect iet- Ahn Sel) ahah IOt! eas 
WEEMMIP ee eee Oe ee I eee So cece ck cone ne 8 26 | 9 | 20 59 
Wanner vers Daina in: iar prir gc. vi 5 11 45 
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THE THIRD GENERATION. 


No attempt was made to secure eggs from the few second-brood 
moths that were reared. Hence no data are available for the third 
generation. 


CODLING-MOTH BAND STUDIES OF 1919. 


Owing to the fact that the Yakima Valley is divided into two 
parts it was considered advisable to keep band records in one orchard 
in the upper valley and one in the lower valley. The first orchard 
was inside the city limits of Yakima, about one-fourth mile from the 
laboratory, and will be spoken of as the Guthrie orchard. In the 
lower valley an orchard known as the Walden orchard was selected 
for banding. This is situated about a mile east of Buena and is at 
the western edge of a large apple district. It is approximately 15 
miles southeast of Yakima. 

In both orchards burlap bands made of strips of burlap 18 inches 
wide folded to three thicknesses were applied to the trunks of certain 
trees and held in place with wire finishing nails. The loose bark had 
previously been thoroughly scraped from the trees. These bands 
were examined every thee days throughout the season, and the 
worms found were counted and put into glass jars, where they were 
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Fic. 9.—Occurrence of codling moth larve under bands of apple trees at Yakima, Wash., 1919. 
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allowed to spin cocoons in strips of corrugated pasteboard, the moths 
ene from these cocoons being used in subsequent life-history 
studies. 

In the Guthrie orchard the trees were large, being 25 years old or 
older. These trees were sprayed, but not efficiently enough to con- 
trol the worms. Twenty-four trees were banded, and a total of 
2,162 larvee were collected. In Figure 9 will be found the details of 
these band collections. A distinct break between the first and sec- 
ond broods will be noted, occurring during the first week in August. 
The maximum for the first brood was 74 larve collected on August 1, 
but it is believed that the true maximum is more nearly represented 
by the high point of July 17, since the maximum number of larvee 
left the fruit in the insectary on July 12. The maximum period of 
leaving fruit for the second bait occurred August 28 to September 
3, and was September 3 at the insectary. A second high point 
occurred September 18. This was caused by the cool weather of 
September 3 to 12 slowing up the growth of the larve. As soon as 
the weather became warm again they left the fruit in large numbers. 

The trees in the Walden orchard at Buena were 25 years old. 
Ten trees were banded, seven of them being sprayed and three un- 
sprayed. A total of 5,044 worms was collected from these bands, 
2,021 being from the seven sprayed trees and 3,023 from the three 
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unsprayed trees. 


21 


The spraying of the trees greatly reduced the total 


number of worms but had no effect on the time of leaving fruit, the 
maximum number occurring in both groups of trees on the same day, 
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Fig. 1¢.—Occurrence of codling moth larve under bands on apple trees at Buena, Wash., 1919. 


August 23. 


the first and second broods about the 1st of August (fig. 10). 


Here, as at Yakima, a definite break occurred between 
The 


maximum number of first-brood larve was collected on July 3, 14 
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Fic. 11.—Seasonal history of the codling moth at Yakima, Wash., 1919. 


& 


days earlier than at Yakima, and the maximum number of second- 
brood larve occurred August 23, five days earlier than at Yakima. 

A summary of the seasonal history of the codling moth in 1919 1s 
shown in Figure 11. 
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SEASONAL-HISTORY STUDIES OF 1920. 


The season of 1920 proved to be quite different from that of 1919. 
According to the Weather Bureau, the spring was the most backward 
on record. The first three months of the year were about normal, 
but April was extremely cold, the mean temperature at Yakima being 
5.1° below normal. In May the mean temperature was 2.6° below 
normal, and in June the mean temperature was 2.3° below normal. 
This resulted in greatly retarding the activities of the codling moth. 
Apple trees bloomed at Yakima May 6 to 10, and the calyx spray 
was applied about May 20, or 10 days later than in 1919. After Tally 
1 the temperatures were above normal. The cold spring resulted in 
slowing up the various stages of the spring brood of the codling moth. 
Beginning with the incubation of the first brood of eggs, however, 
the periods were shorter than the corresponding ones of 1919. In 
spite of this the seasonal history continued throughout the summer 
to be later than in 1919. The studies recorded below were carried | 
out in the same way as in 1919, and each table should be considered 
as a unit. 


WINTERING LARV2. 


In order to provide material for the 1920 studies, a large number 
of wintering larve were secured in the fall of 1919 from reared ma- 
terial and from banded trees. The extremely cold weather of De- 
cember, described on page 58, killed all these larve, and it was neces- 
sary to collect a new supply in February and March. These were 
collected wherever they had escaped the freeze, many of them being 
taken from the soil about the bases of trees and from bands which 
were covered with snow during the freeze. 


PUP OF THE SPRING BROOD. 


Time of pupation.—In Figure 12 is given the time of pupeion of 
160 individuals of the spring brood. he effect of the cold weather 
in April is very noticeable. Twolarve pupated on April 3, and there 
were no more until April 12. The maximum occurred April 26 and 
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Fic. 12.—Pupation of the spring brood of the codling moth at Yakima, Wash., 1920. t 
27, however, which is the same time as the maximum for 1919. 
Pupation ended on May 17, with a single late straggler on June 3. 

Length of the pupal stage.—Table 18 shows the length of the pupal 
stage of 136 pups, the average being 33.56 days, two days longer 
than in 1919. ! 
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TaBLE 18.—Length of the pupal stage of pupx of the spring brood of the codling 
*S moth, Yakima, Wash., 1920. 


Pupal period in days. | Pupal period in days. 
a Num- 
Date of Date of 
iy : ber of F ber of | 
| |pupation. a oat pupation. | “e Phan | 
pupez Maxi Mini pupe. . Maxi- Mini- 
' Average.| mum mum Average. | mum. | mum. 
Apr. 3 2 42. 00 42 42 || Apr. 30 4 33. 75 35 33 
12 1 36. 00 36 36 y 1 2 34. 00 34 34 
13 3 36. 00 37 34 2 + 32.50 34 32 
14 1 36. 00 36 36 3 4 31. 25 32 31 
15 1 31.00 31 31 4 5 31.00 31 31 
16 1 34. 00 34 34 5 5 31. 00 31 31 
17 2 32. 50 33 32 6 3 31. 67 32 31 
18 2 37.00 37 37 7 1 34. 00 34 34 
19 3 33. 67 37 31 8 3 33. 33 35 32 
20 6 33. 00 35 32 9 2 34. 00 34 34 
22 5 32. 00 34 30 10 2 33. 50 34 33 
23 7 32. 86 35 32 12 1 32. 00 32 32 
24 3 32. 00 32 32 13 3 32. 33 34 31 
25 11 31.91 36 31 14 if 33. 00 33 33 
26 14 35. 07 38 34 15 1 34. 00 34 34 
27 15 35. 33 37 34 16 1 33. 00 33 33 
28 | 8 33. 25 37 27 17 3 32. 67 33 32 | 
29 | 6 34. 50 35 34 
ennzaers LECMBOL OF BEN ome ee Se EE. tell 4 y ere Sabo St ete sai. |} se le... 136 
meelape lene th efpiipal stare lpea ys: S047 6 8 ee eens) ie ge LL ed BL 33. 56 
Bawmisninene ire! puparstagegn Gays... act west oh eke A dl. 41 ae. 
BmesrTulenrLe pf pupal stage im days ee! 2:8) $e los eee a eS oy ee ee 27 


MOTHS OF THE SPRING BROOD. 


Time of emergence-—Moths began emerging May 10, but the cold 


_ weather held them back, and the maximum period of emergence did 


not occur until May 25 to June 5, with a maximum of 115 moths on 


June 2, which was 12 days later than in 1919. Moths continued 
emerging until July 2. These records will be found in Figure 13. 
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Fig. 13.—Emergence of the spring brood of moths of the codling moth at Yakima, Wash., 1920. 


_ Oviposition by moths of the Sepgee eee ae a records were 


obtained from 824 moths confined in cages of about 25 moths each, 
and tabulated in Table 19. The averages are cage and not indi- 


_ vidual averages. (See p. 68 for some individual averages.) 
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TaBLE 19.—Oviposition by codling moths of the spring brood in rearing cages, 
Yakima, Wash., 1920. 


Sex. Date of— Number of days— 
~ Total 
rom num: 
ae ener] | aaun| ae 
- r ni 
ae moths First — Bl pce Sto. ay Lerew: seen 
tion Male.| Fe | Emer- | oviposi- | ™U™ | oviposi- | OY | maxi-| OVE | to E 
‘|male.| gence oe oviposi- tion posi- | num | Posi- last “ 
tion * | tion am | tien: |. Ovie-e| 
ovi- ~ | ited. 
posi- Pom: 
| | tion Hes 
1 6 1| 5 | May 15| May 19| May 24| June 8 4 9 21 24 9 
2 12 9 3 | May 16 | May 26 | June 19| June 19 10 34 25 34) 23 
3 9 8 i A pA Eo a ie Rap Beh croged| Papen 5 0. peepee (Bp, DMB | eden i 2 AR eee 0 
4 il U 4| May 18] May 26] June 3] June 4 8 16 10 17} 3 
5 8 7 1} May 19] June 11] June 11} June 11 23 23 1 23 5 
6 OF aa: 8 | May 20] May 31] May 31] June 8 11 11 9 19 32 
7 6 5 a eC ge) a ee, SE RE, a IL ee EES 0 
8 25 12 13 | May 22 | May 26] June 3] June 13 4 12 19 22 | 33 
9 14 11 3 | May 23] May 31 des. June 3 8 11 + 11 + 
10 12 11 1| May 24| June 3] June 9] June 12 10 16 10 19 6 
11 32} 19] 13] May 25| May 31 oun June 21 6 15 22 27 | 177 
12 71 29 42 | May 26 ¥dos) = June 3] June 14 5 8 15 19 | 129 
13 48 24 24 | May 27| June 1/] June 8 ]...do..... 5 12 14 18 | 169 | 
14 40 25 15) May 2851 )-d0-ces— June 11} June 15 a 14 15 18 | 59 ( 
15 13 5 8 | May 29] June 20] June 20} June 25 22 22 6 27 3 
16 32 16 16 | May 30} June 2] June 8] June 8 3 9 7 9; ll 
7 75 32 43 | May 31] June 3] June 4{ June 26 3 : 24 26; 88 b 
18 75 26 49: |) Sune -l5|-22dos-. June 18} June 29 2 17 27 28 | 220 
19 50| 16} 34|June 2} June 4] June 20|_..do..... 2 is} 3% 7 | 167 4 
20 50 18 32} June 3] ...do....:| June 9] June 28 1 6 25 25 | 374 + 
21 50 16 34} June. 4| June 5 {| June 12 ]..-.do..... 1 8 24 24 | 274 ; 
22 29 9 20} June 5] June 8} June 18 |..-do...-.. 3 13 21 23 | 210 
23 ad 4 3| June 6! June 26 | June 26! June 27 20 20 2 21 6 
24 14 + 10 | June 7 | June 12] June 15] June 29 5 8 18 22 | 194 
25 13 5 8| June 8] June 16] June 30] June 30 8 22 15 22) 34 
26 17 8 9| June 9] June 12] June 15] June 28 3 6 17 19} 7 
27 26 6 20 | June 10} June 13 | June 21 | June 29 3 11 17 19} 31 
28 9 5 4] June 11] June 20} June 23 | June 25 9 12 6 14]; 10 
29 13 9 4| June 12] June 18] June 27 | June 29 6 15 12 17} 90 
30 12 5 7 | June 13 | June 17} June 21} July 1 + 8 15 18 | 267 
31 13 4 9 | June 16 | June 23 | June 29 do... : 7 13 9 15 |, 21 * 
32 11 3 8 | June 20} June 26} June 30] July 10 6 10 15 20 | 68 
{ene 5 aeeeee amen Mamasineny | Tears = SC aries Sonali 2 MWe be 6. 87 | 13.43 | 15.03 | 20.90 |...... ¢ 
AVES UT 2 9 RS an SR ee a ern Meee mee sone 23 34 27 Ce eee “A 
Minimum..... SEI A 5 iia: Spee ces Aa oh Gree 2 Meee em ss ae A 1 4 | 1 9: pode 
| } aba *§ yo 
Wemiber of male moths. «2. $5. 6 2. bse se hee a Be Se ee 372 
Mimniber-of female moths 22. 325-4 os re ee eee oe oe eee ee 452 
Total number: of: moths < s:- 26. 2 Meee han eel oe So = 8 ee Sa ek Oe 824 
Dotal MUMBEL OL OES. = oe aw low ww a ce bn he Fe cee teem we AEE ole Eke oe Ce ae Se 2,771 
Average number of eggs per female moth -.. 2... .<.<sscdeciex ces ciate et oeeteteed Ser neupind See 6.13 


Number of eggs per female moth—Of the moths in these cages, 
452 were females. These deposited 2,771 eggs, or an average of 
6.13 eggs per female, as shown in Table 19. 

Length of life of moths—Male moths lived an average of 16.65 
days; females, 17.73 days. These data are detailed in Table 20. 
The average life was somewhat longer than in 1919, owing to the 
cooler weather. 
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TaBLeE 20.—Length of life of male and female codling moths of the spring brood, 
Yakima, Wash., 1920. 


Male. Female. Male. Female. | Male. Female. 

ene Num- mc | Num- Pen . Num- Mancth Nacoell Tancth Num- 7 By Num- 

ae ber of Bey | ber of ee ber of | of mgt ber of nee ber of | of life _ ber of 

of ile. moths. moths moths. * moths. moths. | * moths 

ral tte lbh} abe . 

Days. Days. Days. Days. Days. | Days. 
2 4 2 2 AW 18 17 21 32 4 | 32 0 
3 10 3 8 18 15 18 33 33 2 33 | 3 
4 6 4 3 19 12 19 17 34 2 34 | 1 
5 9 5 5 20 12 20 20 35 4 oa 1 
6 7 6 4 21 11 21 20 36 4 36 0 
7 9 7 6 22 11 22 16 37 1 af 4 0 
8 20 8 12 23 4 23 14 38 2 38 | 0 
9 12 9 11 24 16 24 20 39 1 39 | 0 
10 19 10 15 25 10 25 12 40 1 40 | 0 
11 13 11 18 26 8 26 16 41 3 41 0 
12 16 12 16 27 4 27 17 43 2 43 0 
13 17 13 23 28 5 28 12 45 0 45 2 
14 20 14 26 29 |! an 6 29 9 
15 26 15 ke. 38 30 0 30 3 Total. 368 | Total.| 455 
16 18 16 24 31 4 31 tf 


Average length of life of male moths, 16.65 days; female moths, 17.73 days. 
Maximum length of life of male moths, 43 days; female moths, 45 days. 
Minimum length of life of male moths, 2 days; female moths, 2 days. 


THE FIRST GENERATION. 
EGGS OF THE FIRST BROOD. 


Time of egg deposition.—Spring-brood moths began ovipositing 
May 12, but owing to cold weather very few eggs were deposited 
before May 31, as shown in Figure 14. From then on eggs were 
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Fia. 14—Time of deposition of eggs of the first brood of the codling moth at Yakima, Wash., 1920. 


deposited daily until July 11, with a maximum on June 18, 14 days 
later than the 1919 maximum. The temperature curve in Fi igure 14 
shows for each day the average temperature for the period between 
3 p. m. and 9 p. m., as this is the period during which most of the 
eggs are deposited. 

Length ie incubation.—Observations were made on 1,010 eggs for 
the length of incubation. These and other data on the development 
of the eggs are given in Table 21. 
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TABLE 21.—Time of deposition and length of incubation of eggs of the first brood 


of the codling moth, Yakima, Wash., 1920. 


Number of days from deposition to appearance of— 


a ae Incubation period in days. 
ate o Num- . 2 
deposi- | ber of Red ring. Black spot. 
tion. eggs 
Aver- Maxi- Mini- Aver- Maxi- Min1- Aver- Maxi- Mini- 
age, mum, | mum. age. mum. | mum. age. mum. | mum. 
May 31 8 4.00 4 4 9. 00 9 9 12.13 13 12 
June 1 3 4.00 4 4 10. 00 10 10 12. 33 13 12 
3 5 4.00 4 4 11. 00 il il 13. 20 14 13 
4 12 5.00 5 5 12. 00 12 12 14.75 15 14 
5 27 5. 00 5 5 11. 30 12 il 13. 30 14 1? 
6 59 5. 00 5 5 11. 00 il 11 13. 07 14 13 
7 19 6. 00 6 6 11. 00 il il 12. 60 13 12 
8 108 5.10 6 5 10. 10 11 10 12. 49 14 12 
9 104 5.00 5 5 10. 00 10 10 11. 61 12 11 
10 39 5.00 5 5 10. 00 10 10 11. 00 ll ll 
li 4 5. 00 5 5 9.00 9 9 10. 75 ll 10 
12 28 5. 00 5 5 9.00 9 9 10. 25 11 10 
13 46 5. 00 5 5 8. 20 9 8 11. 04 12 10 
14 18 4.00 4 4 8.11 9 8 11. 00 12 10 
15 55 4.00 4 4 8.07 9 8 11. 00 12 10 
16 35 4.00 4 4 8.00 8 8 10. 89 ll 10 
17 34 3. 00 3 3 8.18 11 8 11. 24 13 ll 
18 175 3. 00 3 3 9. 04 10 9 10.17 12 10 
19 31 4.00 4 4 9.16 10 9 10. 35 12 10 
20 61 3. 00 3 3 8. 02 9 8 9. 54 ll 9 
21 23 5. 00 5 5 8. 00 8 8 9.30 10 9 
22 1 5. 00 5 5 8.00 8 8 9. 00 9 9 
24 3 5. 00 5 x 6. 00 6 6 7. 33 8 7 
25 5 4.00 4 4 6. 00 6 6 7.20 8 7 
26 28 4.00 4 4 5. 00 5 5 6. 36 7 6 
27 13 4.00 4 4 5. 00 5 5 6. 00 6 6 
28 4 4.00 4 4 5. 00 5 5 6. 25 7 6 
29 10 3. 00 3 3 4.00 4 4 6. 20 7 6 
30 2 3. 00 3 3 4.90 4 4 6. 50 7 6 
July 1 1 3. 00 3 3 5. 00 5 5 6. 00 6 6 
2 25 2.00 2 2 4.00 4 4 6. 04 7 6 
3 3 2.00 2 2 5. 00 5 5 6. 00 6 6 
4 18 4.00 4 4 5.00 5 5 6. 06 7 6 
6 5 3. 00 3: 3 4. 80 5 4 5. 80 6 5 
7 i 4.00 4 4 5. be 6 5 7.00 7 7 
1,010 4.14 6 2 8.75 12 4 10. 60 15 5 


LARVZ OF THE FIRST BROOD. 


Time of hatching.—The earliest larve hatched June 12 and hatch- 
ing continued until July 14, a total period of 33 days, as shown in 
Figure 15. Most of the larve hatched from June 19 to 29, inclusive, 
with a maximum on June 28, 16 days after the first larva hatched. 
The maximum occurred 10 days later than in 1919, and the total 
hatching period was 10 days longer than in 1919. 

oe. of feeding period, stock-jar method.—The average feeding 
period of 268 larve (both trans ormne and nontransforming) by 
the stock-jar method was 19.05 days. (See Table 22.) 
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Fig. 15.—Hatching of larve of the first brood of the codling moth at Yakima, Wash., 1920. 


TABLE 22.—Length of feeding period of larve of the first brood of the codling moth, 
stock-jar method, Yakima, Wash., 1920. - 


| 
Feeding period in days. Feeding period in days. 


Date of | Num- Date of | Num- 
ere vis of ‘ ane cuisine As of 3 | : 
Tuit. arve. axi- ini- ruit. arve. axi- f{ini- 
Average.| ium. mum. Average.) mum. | mum. 
See ee ean) Se pens OS oe ol | Ee Ree me NR, Ue 
June 18 2, 20. 00 29 20}} July 3 22 20. 41 30 10 
19 1 17.09 17 17 4 18 18.11 22 11 
20 14 20. 29 30 17 5 16 19. 06 26 13 
21 10 20. 20 24 17 6 ll 19. 73 31 12 
22 7 19. 71 24 17 ii 7 17.71 20 16 
23 6 18. 83 23 16 8 6 21. 50 25 19 
24 8 17. 50 20 15 9 12 21.33 26 17 
25 4 16. 00 17 15 10 14 20. 36 23 18 
26 iy 18. 60 24 15 11 6 7. 83 21 14 
27 13 17. 22 13 12 z 16. 50 17 16 
28 7 18. 29 20 16 13 1 21. 00 21 21 
29 18 LW ERG: 23 14 14 7 21.29 33 17 
30 12 16. 83 20 14 15 3 20. 67 27 17 
July 1 12 16. 83 19 15 16 2 16. 00 16 16 
2 10 21. 30 29 16 17 2 21.00 22 20 
SPeT The ELIE Tse APE TE rer sc ee To i a or atidh mama aceanwa we cece awelte dle. wa sae « 268 
EEE Wg U8 ore ta WE oe es oe ee «Se 2 ee i eee eee on 19.05 
CMP RO SONS OTOL GA UR dea case ssn ewe ons ge Sod = 3 = ange eens eebe cccewscaatesvanke 33 
PE HHEIONM LOL toeaginig DCLIOG AT GRVS oak. va cB cee ooo ao Re cn abidescecscgtenerccustocneccte 10 


Length of feeding period, bagged-fruit méthod.—Where the bagged- 
fruit method of feeding was used, the average period was 20.28 
days. (See Table 23.) | 
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TABLE 23.—Length of feeding period of larve of the first brood of the codling moth, 
bagged-fruit method, Yakima, Wash., 1920. 


Feeding period in days. | Feeding period in days. 
Date of | Num- Date of | Num- 
Snene ues of = = ipsom ay 2 of = = 
Tuit. arve. axi- ini- | Tuit. arve. axi- Mini- 
Average.| inum. =a. Average. niin 
June 24 9 21.22 26 18 June 30 + 20 
26 5 19. 00 2 1 July 1 14 21. 57 28 
27 3 20. 00 26 15 2 4 50 24 
28 | 4) 18. 25 19 17 3 4 5 24 
29 | 10 | 9. 50 24 14 
1 { } 
"Total number oflarvm . 5 4. wate sewteedicocec hose be geen tere SEES ae eae ee oe oe ca ees 57 
Averaze length of feeding period in days.._...3....-.8.-8bi &....2. BE AN eee 20. 28 
Maximum Jength of feeding period in. days......d<<0<o Rockin c deere eee cb eee ee DE a... 
Minimimoeneth of feeding period in. days....).:... 230. .4...5-18.-.. A a eee 14 


period from the time the larva leaves the fruit until it pupates, aver- 


Length of cocooning period.—The cocooning period, or the total ‘ 
aged 5.48 days for 235 transforming individuals. (See Table 24.) . 


TaBLE 24.—Length of cocooning period of transforming codling moth larve of the 
jirst brood, Yakima, Wash., 1920. 


, Cocooning period in days. Cocooning period in days. ~ 
iv left Num- Larve left Num- a 
Bryer beriof A td Der Ol as a ON ; 
mus | Jarve.| 4 vorage, | | Maxi- | Mini- "| Tarve.| average,| Maxi- | Mini- 
' s€-) mum, | mum. 3 ‘| mum. | mum. , 
TT hU CC ro S 8 ic_0?22:50°0,0 eee, OC C8”? DOOD a " 
July 6 1 4. 00 4 4{| July 24 4 5.00 7 4 
7 3 4.33 5 4 25 8 7.00 15 4 
8 4 5.25 7 4 26 5 6. 40 14 4 , 
9 7 5.57 6 5 27 6 6. 50 13 4 
10 11 5.55 7 5 28 3 6.33 8 5 
11 12 5.42 6 5 29 6 5.17 8 4 
12 9 5.11 6 4 30 4 5.50 8 3 
13 16 4,13 5 4 31 3 4.00 4 4 ; 
14 8 4.63 8 4|| Aug. 1 5 5.60 11 4 
15 14 5.29 15 3 2 3 4.33 5 4 
16 14 4. 86 7 4 3 1 5.00 5 5 
17 10 4. 60 6 3 4 1 10. 00 10 10 | 
18 20 5.55 9 3 6 1 4.00 4 4) 
19 16 6.31 16 4 7 1 5.00 5 5 
20 il 6.18 10 5 il 1 4.00 4 |e 
21 10 5.70 7 4 x, 
22 6 5.83 10 4 Total 235 5.48 22 3 , 
23 11 6.91 | 22 4 f 
ce 
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Fic. 16.—Pupation of the first brood of the codling moth at Yakima, Wash., 1920. 
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PUPZ OF THE FIRST BROOD. 


Time a pupation.—The first pupa occurred July 10, and larve 
continued to pupate until August 15, with a maximum on July 17, as 
shown in Figure 16. 

| Length of pupal stage.—The average length of the pupal stage of 219 
_ pupz was 12.37 days, as shown in Table 25. 


TaBLE 25.—Length of the pupal stage of pupz of the first brood of the codling moth, 
Yakima, Wash., 1920. 


Pupal period in days. | | Pupal period in days. 
Date of cae So SS SESS] + Sage 
Sees PUP®. | Average.| Maxi- Mini- || pupation. | Pupz. | average Maxi- Mini- 
"| mum. mum. || ! ee het ane mum. 
ee an |e eee 

July 10 | 1 13. 00 13 13 |) July 27 | 11 11. 82 13 11 

11 2 14. 00 14 14 28 | 10 12. 20 13 11 

12 2 12. 50 13 12 29 | 3 12. 00 13 11 

B 2| 13.00 13 13 30 7) 1271 16 | 12 

14 3 12. 00 12 12 || Ri 3 11. 00 11 | 11 

15 11 12. 45 14 12 || Aug. 1] 7 10. 86 13 7 

16 11 12. 82 14 1 2 + 11. 50 12 11 

17 25 12. 56 14 11 3 | 7 11. 57 12 11 

18 12 12. 17 14 11 “ 2 12. 00 12 12 

19 3 12. 67 14 12 5 5 W575 14 11 

20 ll 13.18 14 11 6. + 13. 75 14 | 13 

21 10 12. 70 13 il 7 1 12. 00 12 12 

22 6 12. 00 13 11 8 1 15. 00 15 15 

23 17 11. 82 13 10 9 1 13.00 13 | B 

24 6 11.8 13 11 |} 10 1 14, 00 14 | 14 

25 14 12. 21 14 11 12 2 17. 50 19 16 

26 11 11. 82 13 11 || 14 2 18. 50 20 17 

| : 

Total number of pops bd Be Be OEE Oh RES SE Bae le ape toenail de Sho ME ah ae SSS IRR 219 
PpERarclenl tl OPiS mpaLSCAPe In) GAVS- sooo) 222 n oe cn ah eke ae = = denen ap sb qe: <= Cees coe neces 12. 37 
Pen riaene kine! LUG spars Lares GagN 6-2 rae ee ang wna cece oh eesnds at emap gees aes 20 
BRPSAHNE One OL LO-pupal SACO tir ays: . 18 ees Soe RE oe eee ed Saccecmee nue 7 


MOTHS OF THE FIRST BROOD. 


Time of emergence-—Moths began emerging July 23 and con- 
tinued until September 30, the maximum occurring on August 15, 
although the maximum period of emergence extended from July 27 
to August 24. (See fig. 17.) This is about 10 days later than the 
maximum period for 1919. 
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Fig. 17—Emergence of the first brood’ of moths of the codling moth at Yakima, Wash., 1920 


Oviposition by moths of the first brood.—A total of 1,076 moths was 
used in obtaining oviposition records, the first of these emerging 
July 27. Many of these moths began ovipositing the day following 
emergence. The interval before maximum oviposition was 67.0 

days. ‘This is shown in Table 26, the averages being for cages and 
not individuals. : 
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Number of eggs per female moth.—Table 26 shows that 620 females 
deposited 13,615 eggs. 


TABLE 26.—Oviposition by codling moths of the first brood in rearing cages, Yakima, 


Wash., 1920. 
Sex. Date of— Number of days— 
Fr Total 
y om num- 
8 cog Be | emer- = From | ber 0 
=. gence f | emer-| e 
en ene Male.| Fe | Emer- eae a Ey Last ovi- we to | ovi- | gence de 
; y *;male.| gence. Ae sae position. ;_ | maxi-| posi- | to last} posi 
tion. position. posi f : 
tion, | Mum | tion. |ovipo-| ed. 
ovipo- sition. 
sition 


1 38 10 28 | July 27} July 28} Aug. 3] Aug. 13 17 17 
2 28 10 18 | July 28} July 29} Aug. 2] Aug. 17 20 20 
3 30 18 12} July 29] July 30) Aug. 7 | Aug. 13 15 15 
4 19} 10 9| July 30] Aug. 1| Aug. 5] Aug. 16 16 17 
5 18 6 12} July 31} Aug. 2} Aug. 4] Aug. 13 12 13 
6 25 7 18) | AUS. a te doses Aug. 3] Aug. 10 9 9 
7 25 10 15) Aug 2°) Asis 32. sdO-ss- Aug. 13 ll 11 
8 51 16 35 | Aug. 3] Aug. 4] Aug. 6 | Aug. 15 12 12 
9 51 23 28 | Aug. 4] Aug. 5 dG: sa5- Aug. 20 16 16 
10 51 23 28 | Aug. 5} Aug. 6} Aug. 7 | Aug. 21 16 16 
11 62 29 33 | Aug. 6} Aug. 7] Aug. 9 | Aug. 20 14 14 
12 52 24 28} Aug. 7| Aug. 8 do: 5. Aug. 23 16 16 
13 45 20 25 | Aug. 8} Aug. 9 | Aug. 12 | Aug. 22 14 14 
14 36 13 23 | Aug. 9] Aug. 11 | Aug. 15 | Aug. 23 13 14 
15 27 13 14 | Aug. 10 |...do.....} Aug. 14 | Aug. 26 16 16 
16 18 8 10 | Aug. 11 | Aug. 13 do-so8 Sept. 1 20 21 


ee 
oa = 
w 
eRe CON WH WW OOOO SIR NNW WR RR RDN RNR RRR RRR RUN Ree 
_ aa _ 
OPEN ORM AWN WONDONNTOW RM NWKRUANTONOCWROARNWNNWHNHRAOUAT 
—" 
oo 


24 29 6 13 | Aug. 21 | Aug. 23 | Sept. 2 | Sept i 14 
25 12 17 15 | Aug. 22 (6 Co eee Aug. 23 | Sept. 1 19 19 
26 35 12 13 _| Aug. 23 | Aug. 26 | Aug. 26 | Sept. 14 16 
27 21 9| 12] Aug. 24] Aug. 31 | Sept. 2| Sept. 19 20 26 
28 23 5 8 | Aug. 26 | Aug. 30 |...do..... Sept. 17 19 22 
29 19 3 6 | Aug. 27 | Sept. 1 | Sept. 3 | Sept. 15 15 19 
30 11 6 5 | Aug. 28 | Sept. 2] Sept. 7 | Sept. 12 1 11 15 
31 8 3 5 | Aug. 29 | Sept. 3 | Sept. 4 | Sept. 7 5 9 
32 6 1 5 | Aug. 30 | Sept. 4 | Sept. 16 | Sept. 28 1 25 29 
33 8 3 5 | Aug. 31 | Sept. 3 | Sept. 10 | Sept. 21 1 19 21 
34 9 4 5 | Sept. 1] Sept. 4] Sept. 4 | Sept. 17 14 16 
35 9 4 5 | Sept. 2 £doe..52)2dors2c| Septale 15 16 
36 14 | 10') Sept. -3'|!--do-- Sept. 6 | Sept. 29 26 26 
37 tet, 10 7| Sept. 4| Sept. 7 | Sept. 10 | Sept. 24 18 20 
38 8 3 5 | Sept. 5 -do.. Sept. 16 | Sept. 20 1 14 15 
39 3 1 2| Sept. 6] Sept. 16|...do....| Sept. 26 1 1 11 20 
40 10 5 5 | Sept. 7 | Sept. 12} Sept. 14 | Sept. 27 16 20 
41 8 5 3 | Sept. 8 | Sept. 9] Sept.12] Oct. 1 23 23 
42 8 3 5 | Sept. 12] Sept. 16 | Sept. 18 | Sept. 30 15 18 
43 8 4 4 | Sept. 16 | Sept. 30] Oct. 4] Oct. 8 1 1 9 22 
44 7 1 6 | Sept. 17] Sept. 28 | Sept. 28 | Oct. 7 1 1 10 20 
AVOLBR Cos. 9 oc eer ewier tie owners avis hiy ECR es wine see ae eos 2.93 | 6.07 |15.70 | 17.64 
MaxImunl | 22s Sancabicp ese entree ekew eenied reine iw ures ias hetew 14 18 26 29 
LVGvebor hha Bem, opp Je BE RS Se - SE Se ae 5 1 1 5 9 
Number of'male moths... ste ssowls ut cdceewne bys va etc weavers sew ve ceawuast sence beeee et ss en 456 
Nrmiber ofitemale amon. Soe See sect eters heave hess ee vaanns nce Game nia om ne e Hung eaten ame 620 
Totalinumber GlmoOtns: wees cts se ae tech obits cee ae casa ce cserccccucecenauseecchvauKsaureek Sect ue eeees 1, 076 
Total number Of CGR. \ <n an spe seRembalas Wines sebke.<ve x open Se dalyamelebiedls ninth te Ri Seis een 13,615 
Average umber ‘Of ees Wer Terral as away we gece pac cuc tas cweneususcukseuers SW apna weet 2 


Length of life of moths.—Male moths lived an average of 13.87 
days; females, 13.24 days. These data are given in Table 27. 
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TaBLE 27.—Length of life of male and female codling moths of the first brood, 
Yakima, Wash., 1920. 


Male. Female. Male. Female. Male. Female. 


Num- Num- Num- Num- Num-|,_ Num- 
Length) por of | Length Length | per of | Lengt®| per of pee ber of | LeDgth| per of 


A : ber of : : 
of life. |oths.| flife- | moths. |} fle Lmoths.| Of Mle: | moths. moths.| °f life. |rroths. 
Days. Days. Days. Days. Days. Days. 
1 0 1 14 21 14 21 27 tf 27 0 
2 5 2 7 15 25 15 30 28 4 28 3 
3 6 3 16 16 21 16 30 29 3 29 2 
4 6 4 17 17 16 17 20 30 1 30 3 
5 20 5 31 18 15 18 31 31 1 31 1 
6 14 6 22 19 9 19 15 32 2 32 2 
7 14 7 29 20 16 20 16 34 1 34 2 
8 26 8 21 21 20 21 23 35 0 35 1 
9 23 9 28 22 8 22 8 38 0 38 1 
10 22 10 28 23 7 23 9 39 0 39 1 
ll 20 ll 41 , 24 5 24 9 40 0 40 1 
12 18 12 28 25 2 25 5 —— 
13 27 13 35 26 6 26 7 Total. 391 | Total.) 546 


Average length of life of male moths, 13.87 days; female moths, 13.24 days. 
Maximum length of life of male moths, 34 days; female moths, 40 days. 
Minimum length of life of male moths, 2 days; female moths, 1 day. 


LIFE CYCLE OF THE FIRST GENERATION. 


Life-cycle, stock-jar feeding method.—Table 28 gives the life cycle 
of 177 individuals of the first generation, all of which were reared 
from egg to moth, the larve being fed by the stock-jar method. The 
incubation period averaged 8.98 days, the larval feeding period 18.21 
days, the cocooning period 5.44 days, the pupal period 12.45 days, 
and the life cycle 45.08 days. To this must be added 2.93 days, 
which is the average interval between emergence of the first-brood 
moth and egg deposition, in order to obtain the complete life cycle 
from deposition of first-brood egg to deposition of second-brood egg. 
This gives a complete life cycle of 48.01 days. 


TaBLe 28.—Life cycle of the first generation of the codling moth as observed by 
rearing, stock-jar feeding method, Yakima, Wash., 1920. 


Date of Seas ieee ag tates em 3 Cocooning period. Pupal period. Life cycle.} 


CBB . Sen ee gin Saar Sees a a PS Sl ee ET er 
tion. | uals. age. [mum.jmum.| age. |mum.|mum.| age. |muM-mum.| age. |mum. mum. 


Days.| Days. |Days. |Days. | Days. |Days.|Days. | Days. |Days. |Days.| Days. |Days. |Days. 
20. 00 20 20 | 6.00 12. 5 13 12 52 | 51 


June 5 ve 13 7 5 0 51. 50 

6 1 13 | 17.00 17 17} 4.00 4 4 | 13. 00 13 13 | 47. 00 47| 47 
8 12 12 | 20. 33 30 17 | 4.75 6 4 | 12.83 14 12 | 49.91 59 | 47 
9 9 12 | 20. 00 24 17 5. 22 7 3 | 12. 67 14 11 | 49. 89 55 47 
12 6 10 | 20. 00 24 17| 4.83 6 4 | 12.50 13 12 | 47.33 52| 44 
13 6 10 | 18. 83 23 16°} 5317 6 4] 12. 83 14 12 | 46. 83 51} 43 
13 7 11 | 17.14 20 15] 5.14 7 4 | 12.00 13 11 | 45. 28 47 | 44 
14 4 11 | 16.00 17 15) pos 25 6 Fe Sea 14 13 | 45. 50 46 |} 45 
15 11 11 } 18. 45 24 15 5. 09 6 ot 23.88 14 12 ! 47. 72 54 44 
16 9 11 | 17. 44 22 13 | 4.89 6 4 | 12. 44 14 11 | 45.77 52 | 44 
18 6 10 | 18. 00 20 16 | 5.00 7 4 | 12.33 13 11 | 45. 33 49 | 42 
19 ll 10 | 17. 09 23 14; 4.73 6 4] 12.82 14 11 | 44. 64 Sh 2°39 
20 8 10 | 16. 75 20 14) 513 7 3 | 12.13 13 11 | 44.01 48 | 40 
21 9 10 | 16. 56 18 15 | 6,44 16 4] 11. 89 13 11 | 44. 89 56 | 42 
26 4 6 | 20. 25 28 16} 4.75 7 3 | 12.00 13 11 | 43. 00 48 | 40 
26 15 7 | 18. 87 29 10) 15-6327 11 4 | 12. 33 16 11 | 44. 47 54) 32 
28 12 6 | 16. 83 22 Lt 4.7583 22 4 | 12, 83 20 11 | 43. 49 67 | 33 
29 { 6 | 16.71 24 13 loo 20 7 4/ 11.14 12 9 | 39.14 46} 34 
29 9 7 | 18. 44 31 12} 5.56 8 4] 11.89 14 11 | 42, 89 MSR Y; 
30 5 7 | 17. 20 19 16 | 4.40 5 4] 11,40 12 11 | 40. 00 42) 38 
July 2 2 6 | 20.50 19 | 4.50 5 4 | 12,50 13 12 | 43. 50 44] 43 
3 3 6 | 21.33 26 17} 7.00 10 4 | 14.00 17 12 | 48. 33 59 | 39 
4 5 6 | 19.60 23 18 | 5.60 8 4] 11. 80 14 11 | 43. 00 47 | 40 
4 4 tins. 25 21 14] 6.75 1l 4] 11.50 16 7 | 42. 50 ng) ei 
6 1 6 | 17. 00 17 17} 5.00 5 5 | 12. 00 12 12 | 40. 00 40} 40 
6 1 7 | 21.00 21 21) 5.00 5 5 | 15. 00 15 15 | 48.00 48 | 48 
7 4 7 | 18. 75 24 17. e425 5 4 | 13.75 19 12 | 43. 75 55 | 40 
8 2 7 | 17.50 18 17 4. 50 5 4] 14.00 14 14 | 43. 00 43 43 
9 z 7 | 16.00 16 16} 4.00 4 4] 11.00 11 11 | 38.00 38 | 38 


i | a | 8 | | Ce | | a 


177 |?8.98 | 18, 21 31 10 


on 
th 
i) 
wo 
— 
f~ 
He 
or 
t 
Oo 
N 
~ 
or 
i] 
@ 
for) 
~J 
w 
to 


1 Add 2.93 days for complete life cycle. i Average, 


82 BULLETIN 1235, U. S. DEPARTMENT OF AGRICULTURE. 


Life cycle, bagged-fruit feeding method.—The life cycle of 43 indi- 
viduals fed by the bagged-fruit method is given in Table 29. Here 
the incubation period averaged 9.79 days, the larval feeding period 
19.58 days, the cocooning period 5.18 days, the pupal period 12.02 
days, and the life cycle 46.57 days, or, adding 2.93 days for the 
interval between emergence of the moth and egg deposition, 49.50 
days for the complete life cycle. 


TaBLE 29.—Life cycle of the first generation of the codling moth as observed by 
rearing, bagged-fruit feeding method, Yakima, Wash., 1920. 


| =. | Larval feeding 
Num-| period. 
Date of |ber of} Incu- 
egg depo- aA ba- 
sition. | vid- | tion. 
uals. Aver- 


Cocooning period. Pupa] period. Life cycle.! 


Maxi-| Mini-} Aver- Maxi- Mini-| A ver- | Mazxi- Mini-| Aver- | Maxi-} Mini- 
age. oe mum.; age. |mum./mum.|° age. |mumM.}mumM.) age. |mumM.|mum. 


Days.| Days. |Days.|Days.| Days. |Days. Ra Days. |Days.|Days.| Days. |Days.|Days. 
June 13 4 11 | 20.00 21 18} 8.75 15 5.| 12,25 13 11 | 52.00 60 | 47 
15 5 11 | 19.00 23 16 | 5.00 6 4 | 12.00 14 11 | 47.00 52 | 43 
16 3 11 | 20. 00 26 15 | 5.00 5 5 | 13.00 13 13 | 49. 00 55 | 44 
18 3 10 | 18.33 19 17} 3.66 4 3 | 12.00 13 11 | 43.99 46 | 42 
19 7 10 | 18. 57 22 14] 5.14 9 4 | 12.00 14 11 |} 45. 71 49 | 39 
20 3 10 } 16.33 17 15) | 3.30 4 3 | 12.00 13 11 | 41. 66 43 | 41 
21 } jy 21 10 | 20. 55 26 17?) «585 8 5 | 11.64 13 11 | 47.64 53 | 43 
25 3 7 | 19.33 21 18 | 5.00 5 5 | 12.33 13 12 | 43. 66 46 | 42 
26 | 4 7 | 22. 25 24 20 | 4.00 4 4 | 12.00 13 11 | 45.25 47 | °42 
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| 43 |9.79119.58! 26| 14] 5.18 
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Fia. 18.—Time of deposition of eggs of the second brood of the codling moth at Yakima, Wash., 1920, 
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THE SECOND GENERATION. 


EGGS OF THE SECOND BROOD. 


‘Time of deposition.—The earliest second-brood eggs were deposited 
July 27, and eggs were deposited almost continuously thereafter until 
October 10, with a maximum period of oviposition extending prac- 
tically throughout the month of August, as shown in Figure 18. 
The actual maximum of 833 eggs occurred on August 7, only 11 days 
after the first egg was deposited. 

Length of incubation.—The incubation period for 4,135 eggs was 
determined and the data on the various changes in the eggs are 
shown in Table 30. It will be seen that the average length of incu- 
bation was 8.74 days, closely approximating that of 1919. 


TaBLE 30.—Time of deposition and length of incubation of eggs of the second brood 
of the codling moth, Yakima, Wash., 1920. 


Number of days from deposition to appearance of— 
Incubation period in days. 


Date of Farle f Red ring. Black spot. 
deposition. fo Va Sa a | a eS Le Lee 
Aver- | Maxi- Mini- Aver- | Maxi- Mini- Aver- | Maxi- Mini- 
age. | mum. | mum. age. mum. | mum. age. mum. | mum. 
| 
July 27 4 3. 00 3 3 5. 00 5 5 6. 00 6 6 
28 9 4. 00 4 4 5. 00 5 5 6. 00 6 6 
29 21 3. 00 3 3 5. 00 5 5 6. 14 7 6 
30 101 2. 00 2 2 5. 00 5 5 6. 43 7 6 
31 34 3. 00 3 3 5. 00 5 5 6. 09 7 6 
Aug. 1 119 3. 00 5 3 5. 00 5 5 6. 45 8 6 
2 148 2. 00 2 2 5. 00 5 5 6. 02 7 6 
3 115 2.00 2 2 5.00 5 5 6. 00 6 6 
4 150 3. 00 3 3 5. 00 5 5 6. 00 6 6 
5 139 3. 00 3 3 5. 00 5 5 6. 06 a 6 
6 230 2. 00 z 2 5. 00 5 5 6. 00 6 6 
7 268 3. 00 3 3 5. 00 5 5 6. 08 7 6 
8 237 3. 00 3 3 5. 00 5 E 6. 06 7 6 
9 282 3. 00 3 3 5. 00 5 5 6. 02 7 6 
10 159 2. 00 2 2 5. 00 5 5 6. CO 6 6 
11 82 3. 00 3 3 4.00 4 4 5. 85 t 5 
12 60 3. 00 3 3 4. 00 4 4 6. 67 8 6 
13 132 4. 00 4 4 6. 00 6 6 7.95 8 7 
14 111 3. 00 3 3 6. 00 6 6 8.14 9 7 
15 274 3. 00 3 3 7. 00 7 7 8. 00 8 8 
16 56 4, 93 6 4 7. 00 7 ‘i 8. 46 9 8 
i) 1 4, 00 4 4 6. 00 6 6 | 7. 00 ii 7 
18 22 4, 00 4 ey 6. 00 6 6 8.50 9 8 
19 44 3. 02 4 3 6. 93 8 6 8.93 10 8 
20 82 4, 00 4 = 1.78 8 | ey10: 78 11 10 
21 21 3.19 4 3 8.10 9 @ 11. 12 9 
22 28 3. 07 4 3 8.71 10 8 aval 
23 237 3. 00 2 3 10. 00 10 10 12. 03 
24 110 4. 00 4 4 11. 00 11 il 12. 00 
26 126 £. 00 = = 9. 00 9 9 10.75 
28 134 5. 00 5 5 8. 03 9 8 10. 31 
29 6 3. 00 3 3 8. 00 8 8 | 9.17 
30° 70 3. 00 s 3 8. 03 9 8 | 9. 34 
31 14 3. 07 4 3 (<9 9 7€} 9.7 
Sept. 1 19 3. 00 3 3 8. 05 9 8} 10.79 
2 16 4. 81 5 4 &. 81 9 Sys Te? 
3 32 3. 00 3 3 11. 00 11 11 14. 06 
4 100 3.12 4 3 13. 12 14 13 14, 84 
5 19 4. 00 4 4 13. 00 13 13 | 14.92 
6 17 4, 00 4 + 13. 00 13 13°|' 15. 82 
7 80 4.53 5 ~ 14. 53 15 14| 18.78 
8 19 4.21 5 a 14, 21 15 14 18. 00 
10 31 5. 00 5 5 15. 29 16 15 19. 23 
il 23 4. 09 5 “ 16. 43 17 16/ 18.52 
12 5 4.60 5 4 16. 00 16 16; 19.00 
13 1 4. 00 4 4 16. 00 16 16 18. 00 
14 20 4.15 5 4 15. 85 16 15 18. 00 
15 27 4.96 5 4 15. 19 16 14 19. 19 
16 43 5. 05 6 5 15. 26 16 15 18. 30 
17 40 6. 30 7 5 15. 65 16 15 18. 88 
19 6 4. 83 5 4 15. 50 16 15 17.50 
20 2 7.00 7 v4 16. 00 16 16 21. 00 
21 9 | 8. 22 9 8 17, 22 18 17 | - 21.00 
4,135 | 3.19 9 2 7.14 18 4 | 8. 74 
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Time of hatching.—Second-brood larve were hatching during .a 
eriod of over 10 weeks, beginning August 2 and ending October 13. 
he maximum period of hatching extended from August 6 to Sep- 

tember 6, with an actual maximum on August 12, as shown in Figure 
1. 

Length of feeding period, stock-jar method.—Table 31 shows the 

average feeding period of 594 larve reared by the stock-jar method. 


TABLE 31.—Length of feeding period of larve of the second brood of the codling moth, 
stock-jar method, Yakima, Wash., 1920. 


Feeding period in days. Feeding period in days. 
Date of Num- 
entering ber of ; 

fruit. larve. Average. ieee Sato 

Aug. 3 20 42. 05 68 29 

4 22 39. 36 60 5 

5 27 44.11 65 25 

6 23 44.13 63 24 

7 10 45.10 61 31 

8 15 37.13 48 22 

9 7 43.75 61 32 

10 5 40. 60 59 33 

11 1 41. 00 41 41 

12 6 40.17 53 33 

13 -7 44.14 57 30 

14 3 47.00 56 29 

15 4 46. 00 53 35 

16 11 48. 55 57 35 

17 3 50. 67 54 48 

18 li 50. 00 62 40 

19 3 49. 33 54 44 

20 | i 48. 00 48 48 
Total number of larvae. ss 5. 2 see oo is eee Se eS ae eee eee eee 594 
Average length of feeging period in days 4... <2 s. -5-6- 32 soe ee, cece gene 35. 30 
Maximum length ofifedding period in diys-.s21 22. 22. 1 oe ee ee 71 
Minimum length of feading period in days...25 sass. . Lincs. 2a ee ee ee eee 17 


Length o prang period, bagged-frwit method.—In Table 32 will be 
found the feeding period of 106 larve reared by the bagged-fruit 
method. 

Owing to the late season, none of the second-brood larve reared in 
1920 pupated, hence it is not possible to give any further data for 
this year. 


i tte i 


—  : 


THE CODLING MOTH IN THE YAKIMA VALLEY. 35 


TABLE 32.—Length of feeding period of larve of the second brood of the codling moth, 
bagged-fruit method, Yakima, Wash., 1920. 


Feeding period in days. Feeding period in days. 
Pare inet eee Dafoe ol) Num- 
entering | ber of : Ba. entering | ber of : Ie 
fruit. larve. Average. Lie baie fruit. larvee. Average. sare brag 
Aug. 7 6 34. 17 60 23 Aug. 13 9 36. 11 46 27 
8 8 33. 00 42 26 14 5 44. 40 70 25 
9 10 33. 00 43 25 15 15 43. 80 79 32 
10 5 31. 80 37 23 16 6 46. 67 68 34 
11 9 36. 22 54 26 17 11 45.73 63 21 
12 6 33. 33 43 25 18 16 49. 50 69 37 
FT esis x rae LNT es en ee a fd a ee acon tponas qraea asec t eee = 106 
Average length of feeding period in days. . .......-...-..-------- +--+ 222 eect eee eee eee eee eee 40. 22 
Maximum length of feeding period in days.-............-2. 222-22 eee eee cece eee eee eeee I A 79 
Minimumilereth of feeding period in daysio2.2-4: 6 sod. oc. ci eeee.. abst. ste 5225 -cAee 5-2 21 
pce! eee Te BT ore Ee ee BUS SEs Ses EE Ce Oe SR) 
SR NEE TE ch ES Le PU EE SS ee ee ee ee ee \ 
EE EO ae Pees ES iced ee ane cole Seen Mee eee Boe X 
pa WE ee J aps OY SO Po Alc SY hie be 2 ose \ 
oon RSS| SE Ee Ss Se Ss ee ee ee Foe \ 
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Fic. 19.—Hatching of larve of the second brocd of the codling moth at Yakima, Wash., 1920. 
CODLING-MOTH BAND STUDIES OF 1920. 


In 1920 trees were again banded in both the Guthrie orchard at 
Yakima and the Walden orchard near Buena, the larve being col- 
lected every three days, as in 1919. In the Guthrie orchard, 29 
trees were banded, and although these trees were sprayed and 
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there was a high winter mortality, 5,347 worms were secured, more 
than twice as many as in 1919. The first worms appeared in the 
bands on July 8, 15 days later than in 1919, and the maximum for 
the first brood Kburbed Tul 20. The number decreased thereafter 
until August 19, after BAe it rose, reaching a maximum for the 
second brood on ‘September 6, as shown in Figure 20. 


——— 


at GH00S000558 
AS riNuue SEEGE a3 
Sao Coat ab i 
W360 14 CHE WME hs or 
320 LO SPAS CON 
Soa Po REESE SLCHI RE 
€200 ELA Sen's e 
FE PPR ENINA TERS CCVIEEN 
60 GSS SEL RAD 
/4O 
Du SENT 
720 aah Zee o MERE SNS 
Neale EEE NS 


V4 at See OSS ee a 
S 7 jal soe ee 
26 GU-ECEEE EE 
As EEE EEE ECECCEEEEEEE EBLE Ed Ya 


KO 
SOS PROIOIS HNODOAN SIA TOAVOIAINSVOAVOOS 
SULLY AUG. SEPT, - OCT. 


Fic. 20.—Occurrence of codling moth larve under bands on apple trees at Yakima, 
Wash., 1920. 

In the Walden orchard, 10 trees were again banded, but the 
orchard had changed owners, and was very thoroughly sprayed in 
1920, with the result that only 665 worms were secured during the 
season. This was hardly enough to indicate the maximum occur- 
rence of the two ae The maximum number of first-brood 
worms was collected on July 17, though nearly as pray were found 
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Fic. 21.—Occurrence of codling moth ee re bands on apple 
trees at Buena, Wash., 


on July 11, which is 9 days earlier than the maximum at Yakima. 
For the second brood, the maximum was not obtained until September 
6, the same date as the maximum at Yakima, as shown in Figure 21. 

A summary of the seasonal history of the codling moth for 1920 is | 
shown in Figure 22. 
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Fic. 22.—Seasonal history of the codling moth at Yakima, Wash., 1920, 


SEASONAL HISTORY STUDIES OF 1921. 


The life-history studies of the coding moth were continued in 
1921 in much the same manner as in the two previous seasons, and 
considerably more material was handled, especially in the studies 
of thespring brood. Complete data on wintering larve were obtained 
for the first time. No third-brood larve were hatched in the in- 
sectary. 

The development of the codling moth corresponded closely to 
that of 1919. Minimum temperatures of 26° and 29° F. on April 
24 and 30, respectively, delayed the blooming period of apples so 
as to extend it over the period from April 26 to May 7. These 
abnormally low temperatures froze many blossoms, but did not 
cause a noticeable loss in the apple production of the valley. How- 
ever, pupal development of the spring brood was interrupted, and 
two periods of pupation resulted. High temperatures during the 
time from May 30 to June 6 greatly hastened the development of 
the codling moth, and many orchardists were late in applying the 
first cover spray. The remainder of the growing season was favor- 
able and the precipitation was only slightly below normal. 
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For the studies of 1921, reared larve of the first and second gener- 
ations of 1920 were used, as well as a considerable number of larve 
collected from banded trees in September, 1920. A special study 
of the wintering period was made, and the results are given on 
page 59. 

PUP OF THE SPRING BROOD. 


Time of pupation.—The time of pupation of 732 wintering larve 
is shown in Figure 23. An unusually cold period, with daily mean 
temperatures below 50° F. extending from April 22 to May 3 (April 
28 excepted), followed by warmer weather, caused an abundance of 
larvee to pupate at two widely separated periods. The first maximum 
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Fic. 23.—Pupation of the spring brood of the codling moth at Yakima, Wash., 1921. 


was reached on April 17 and the second maximum on May 14. The 
first pupa was observed on April 9 and the last on June 6, giving a 
range of 59 days. 

Length of the pupal stage-—Although 229 of the 553 pupe recorded 
in Table 33 pupated before April 22, with a minimum average pupal 
period of 36 ays: the extremely high temperatures in the latter 
part of May and early June so shortened the pupal period of the 
remaining individuals that the average for all pupx» was 29.53 days. 
This is the lowest average pupal period for the spring brood that has 
been recorded in these studies at Yakima. 
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TaBLE 33.—Length of the pupal stage of pupe of the spring brood of the codling 
moth, Yakima, Wash., 1921. 


Pupal period in days. Pupal period in days. 
Date of ee so Date of 2 aac 

PUPSAO) pup: Maxi- Mini- Bupanoe:' han. Maxi- Mini- 

. Average. mum. mum. Average. mum. mum. 

Apr. 10 35 41. 46 43 40 May 6 12 24. 67 26 22 

11 24 41.38 43 40 r 9 23. 33 25 17 

12 22 41. 05 42 40 8 6 23. 83 25 23 
13 9] 39.89 41 38 | 9 13| 23.31 24 22 | 
14 4 39. 00 39 39 | 10 7 22. 86 24 22 | 

15 14 39. 07 49 38 | 11 7 22. 29 23 22 

16 26 38. 12 45 37 12 13 ABTS 23 21 

17 33 37. 06 38 36 13 20 20. 90 23 20 

18 22 36. 64 40 35 14 26 21. 00 24 20 

19 11 | 36. 00 39 35 15 20 20. 25 21 19 

20 12 | 36. 00 38 34 16 13) 19.85 20 19 

21 17 36. 06 37 33 17 19 19. 21 21 18 

22 8 35. 50 37 32 18 12 19. 25 20 18 

24 8 33. 75 35 31 19 16 18. 94 21 18 

25 5 33. 40 34 | 33 20 13 18. 46 20 18 

26 10 32. 00 33 29 21 18. 43 20 aly: 

27 8 31. 50 32 31 22 10 18. 50 20 16 

28 3 31. 00 32 30 23 rf 18. 71 20 uy? 

29 5 31. 20 35 29 24 6 19. 33 21 18 

30 4 28. 25 29 28 25 1 19. 00 |- 19 19 

May 1 9 28. 44 29 28 29 2 19. 50 20. 19 

2 3 27. 67 28 27 30 1 13. 00 13 13 

3 3 26. 67 27 26 June 1 z, 21. 00 21 21 

4 3 26. 00 27 25 4 1 21. 00 21 21 

5 11 25.18 26 Dey 3) 1 21. 00 21 21 

| 

Total number of pupa saat cre ee ceccece: NE PEL Rte RSNA St TERS: “ne ob SE 553 
AVCEAPS IONSTAORDUP AE SEAZe INGA YS 6 ones eee a pe ore ence ooo seeene ccc cca once 29. 53 
Maximtind lOOeuNOlmU pal Stage 171 GAYS 22 cnet eee oan see mock wa Sa asc wice tee bocce ce odone nueees ack 49 
Minimum longth.of pupal-starzeim days). ts ri isa: So Sect see res SELL Us SES a BE Bcc sen 13 


MOTHS OF THE SPRING BROOD. 


Time of emergence.—Figure 24 indicates graphically the time of 
emergence of 2,165 spring-brood moths, of which 1,896, or 87.5 per 
cent, emerged between May 22 and June 6, owing to the high tempera- 
tures. The result of daily mean temperatures below 55° F. on May 
26 and 27 is clearly shown in the accompanying diagram. The first 
moth emerged May 19, and the last moth on June 27, with a maxi- 
mum emergence of 259 moths on May 30. 

Oviposition by moths of the spring. brood.—The high temperatures 
reviously mentioned created nearly ideal conditions for oviposition 
y spring-brood moths. Consequently the average number of days 
before oviposition and from emergence to maximum oviposition was 
2.47 and 5.53, respectively, hick is noticeably less than the same 
interval in 1919 and 1920. The moths emerging on June 8, which 
had a maximum of 18 days for each of these periods, were abnormal 
in that they laid only 4 eggs. Eggs were deposited on the day after 
emergence in 9 out of 19 instances. The data in Table 34 are for 
cages rather than individuals. 
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Fic. 24.—Emergence of the spring brood of moths of the codling moth at Yakima, 
Wash., 1921. 


TABLE 34.—Oviposition by codling moths of the spring brood in rearing cages, 
Yakima, Wash., 1921. 


* 


Sex. Date of— Number of days— 
From . ae 
emer- Tom 
Ob- |Num- ber 
ser- | ber : Maxi- Be- || Bate 1 ge tea 
First Last fore to - | gence 
va- | Of lyray Fe- | Emer- : mum a vi- | maxi-|: 9% | toast C885 
tion. |moths|*"©-| male.| gence. pits ovi- wh ON x | posi- | 008s e- 
position osition position. | posi- | mum- tion ovi- os- 
| P tion. | ovi- "| posi- | BOS 
posi- tion : 
| tion. 
1} 39 33 6 | May 21 | May 23 | May 24/| June 8 17 18} 310 
2| 31 15 16 | May 22 | May 24| May 25 |...do.....| 16 17 | 726 
3| 74| 45| 29! May 23| May 25| May 30] June 13 20] 21 1,042 
4| 142 66 76 | May 24 |...do..... May 31/ June 20 27 3, 066 
5 83 34 49 | May 25 | May 27 | June June 17 1 22 23 {1,596 
6 9 4 5 | May 27} May 30} May June 7 9 1l| 14 | 
7) 110] 45 5 | May 28 |..-do..... June June 12 14 15} 506 | 
8 } 
9} 132 44 88 | May 30} May 31 | June 


WPDUAONWWO mr RAB WOATIWW 


ll 85 30 55 |June 1 |..-.do-...-. June June 27 
12 91 30 61|}Jume 2|June 3/ June June 26 
13 24 9 15;June 3/June 4/1] June ceo LF tip ay 
14 61 18 43 |}June 4/June 5 das... June 22 
15 51 8 43} June 5/June 6]June 11 | June 25 
16 21 9 12}June 6/]June 7/]June 12| June 29 
17 35 12 23 |June 7/June 9 1 i eee June 25 
IS} 10 3 7|June 8 | June 26/}June 26|July 4 1 1 
19; 14 3 11 |}June 9{June 12]June 12} June 26 
BV OIARD 0 2 ann nw atenk Hee ae eee plana vec elo wuts cuits 2. 47 5. 53 
Maximum. eos os sere ee eek De eels waa eae eons wine Sane 18 is 
2 


Mintianrini. |..:5- 26 cau ee oN nde oo ocecatare 1 


CSS SHES HHS SSE SESHHREHEHEHSEHEHESS OR ESEESEESESS ASSES SSEETEESSESEESE DEE SESEEESESES 
S. 

COSTES ESET HE SEESESESSSESH OSH HESS ESSSESasEESeSeneEeesesscessesésseseEses 
eee eee eee ee ee ee ee ee ee 
SPOR RRR eee REE EEE SHEE HEE EEE EEE EEE EEE SEE EEE SEES ESE EE SESE SESE SEESESEEES 


i ieee ee ee ee 


THE CODLING MOTH IN THE YAKIMA VALLEY. 41 


Number of eggs per female.—Of the 1,166 moths observed, 696 were 
females, which deposited 13,763 ef , or an average of 19.77, which 
is the highest average for spring-brood moths recorded in Yakima. 
These data are given in Table 34. . 

Length of life of moths.—The average length of life of 495 male 
moths was 12.29 days, of 723 females 13.85 days, or 1.56 days longer 
than that of the males as shown in Table 35. The length of life of 
these moths was less by several days than the life of spring-brood 
moths in either 1919 or 1920. 


TABLE 35.—Length of life of male and female codling moths of the spring brood, 
Yakima, Wash., 1921. 


| | | 


Male. | Female. Male. Female. Male. Female. 
| | 
= m- - Num- Num- Num- 
Length | Her of | Length | per of, || Length | Deror Length] peror || Length |er of | Length| Her of 
| of life. moths of life. moths. of life. nGthS: of life. ERS: of life oths:} © life sats 
| Days. Days. Days. Days. Days. Days. 
2 4 2 0 14 22 14 47 26 2 26 7 
3 4 3 2 15 41 "eL5 48 27 3 27 4 
4 ff 4 4 16 21 16 40 28 2 28 4 
5 Ui 5 10 17 19 she 35 29 2 29 2 
6 22 6 28 18 15 18 45 30 2 30 0 
‘a 43 7 47 19 12 19 26 31 0 ail 1 
8 42 8 42 20 13 20 25 32 0 32 0 
9 45 9 43 21 11 21 27 33 1 33 0 
10 54 10 50 22 6 22 15 34 0 34 0 
il 37 11 52 23 7 "23 Tt }} 35 0 35 1 
I, 22 12 49 24 3 24 14 —_—_—_ 
13 19 13 39 25 3 25 5 || Total. 495 | Total. 723 


Average length of life of male moths, 12.29 days; female moths, 13.85 days. 
Maximum length of life of male moths, 33 days; female moths, 35 days. 
Minimum length of life of male moths, 2 days; female moths, 2 days. 


THE FIRST GENERATION. 


EGGS OF THE FIRST BROOD. 


Time of egg deposition.—In Figure 25 is given the time of deposi- 
tion of 14,822 eggs of the first brood. . The first eggs were laid on 
May 23 and the last June 30, covering a period of over five weeks. 
Mean temperatures above 70° F. for the 6-hour period between 3 and 
9 p.m., commencing May 29 and ending June 8, encouraged the moths 
to deposit 11,390 eggs, or 76.85 per cent of the total number of eggs 
during these 11 days. ‘The maximum number of eggs laid in a single 
day was 1,379 on June 4. 

Length of incubation.—Embryological studies of 7,999 eggs of the 
first brood show the average number of days from deposition to the 
appearance of the red ring to be 3.45; average number of days 
from deposition to the appearance of the black spot 7.6 days, and the 
average length of the incubation period 9.31 days.. These intervals 


~ are shorter than the corresponding intervals recorded for 1919 and 


1920. These data are found in Table 36. 
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position of eggs of the first brood of the 


codling moth at Yakima, Wash., 192). 


Fia. 25.—Time of de 
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TaBLE 36.—Time of deposition and length of incubation of eggs of the first brood of 
the codling moth, Yakima, Wash., 1921. 


Number of days from deposition to appearance of— _ | Incubation period in days. 
Date of | Num- 4 
deposi- | ber of Red ring. | Black spot. 
tion. eggs A ver- Maxi- Mini- 
Aver- | Maxi- | Mini- | Aver- | Maxi- | Mini- eer: PaO. | SAYER. 
age. mum. | mum. age. mum. | mum. = 
May 24 61 4.00 4 4 8. 00 8 8 9.03 10 9 
70 4.00 4 4 8. 00 8 8 9. 23 10 9 
27 60 3. 00 3 3 7.00 7 7 8.08 9 8 
28 80 3. 00 3 3 6. 00 6 6 7.19 9 7 
29 258 3. 00 3 3 6. 00 6 6 7.40 8 a 
30 497 3. 00 3 3 6. 00 6 6 7.28 8 7 
31 585 3.00 3 3 6. 00 6 6 teed 8 7 
June 1 608 3.00 3 3 6. 00 6 6 7.02 8 di 
2 640 3. 00 3 3 6. 00 6 6 7. 43 8 it 
3 | 690 3. 00 3 3 6. 00 6 6 8. 82 10 8 
4 738 3.00 3 3 7.00 7 i 9. 52 10 9 
5 525 3. 00 3 3 7. 00 7 7 9. 85 10 9 
6 462 3. 00 3 3 9. 00 9 9 10. 00 10 10 
7 505 4.00 4 4 11.00 11 11 12. 20 13 12 
8 702 4.00 4 4 10. 00 10 10 12. 31 13 12 
9 228 5. 00 5 5 11.00 11 11 12. 24 13 12 
10 112 5. 00 5 5 11. 00 il 11 12. 29 13 12 
11 225 4.00 4 4 10. 00 10 10 11. 29 12 11 
12 292 4.00 4 4 10. 00 10 10 11.00 11 11 
13 58 7.00 7 7 9. 00 9 9 10. 45 il 10 
14 13 7. 00 i 7 9. 00 9 9 10. 31 11 10 
15 43 6. 00 6 6 8. 00 8 8 9. 51 11 9 
16 73 6. 00 6 6 7. 00 7 7 8. 64 9 8 
Li 75 5. 00 5 5 7.00 7 7 8. 83 9 8 
18 73 5. 00 5 a 6. 00 6 6 8.00 8 8 
19 107 4.00 4 4 6. 00 6 6 7.98 9 7 
20 36 4.00 4 4 7.00 7 7 8.19 9 8 
21 28 3. 00 3 3 7.00 7 7 8.14 g |. 8 
22 4] 3. 00 3 3 7.00 7 7 8. 00 8 8 
23 49 3. 00 3 3 7.00 if 7 9. 27 10 8 
24 12 3. 00 3 3 8. 00 8 8 9. 25 10 9 
25 16 3. 00 3 3 8.00 8 8 9. 31 10 9 
26 16 3. 00 3 3 8. 00 8 8 9.00 | 9 9 
27 14 3. 00 3 3 8.00 8 8 9.14 | 10 9 
28 3 5. 00 5 5 8. 00 8 8 9.00 | 9 9 
29 4 4.00 4 4 8. 00 8 8 9.75 | 11 9 
7,999 3. 45 7 3 7. 60 il 6 9.31 | 13 7 
oe a 
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LARVZ OF THE FIRST BROOD. 


Time of hatching.—The time of hatching of larvee of the first brood 
was quite regular with the exception of June 17 and 18. Mean 
temperatures below 60° F. on June 14 and 15 so delayed the de- 
velopment of the eggs that no hatching occurred on June 17 and 18. 
The first larve hatched on June 2, and the last on July 10, with a 
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Fic. 26.—Hatching of larvee of the first brood of the codling moth at Yakima, Wash., 1921. 


maximum of 755 on June 8. (See fig. 26.) Larve of the first brood 
were thus hatching over a period of 39 days. | 
Length of the feeding period.—In Table 37 the length of the feeding 
period of 722 etdbr bead larvee is tabulated. These data include both | 
transforming and nontransforming larve. 


ae | 
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| Tasue 37.—Length of feeding period of larve of the first brood of the codling moth, 
Yakima, Wash., 1921. 


Feeding period in days. | Feeding period in days. 
Date of | Num- Num- ifs 
entering | ber of e a atery per of ‘a itd 
fruit. | larvee. axi- ini- rui arvee nee axi- ini- 
Average. atin. ae Average. sag: mum, | 
(ae Se ee | ee ee | ee ee ee eee ee 
June 2 2 31.00 34 28 || June 22 71 23.99 29 | 13 
3 3 27.33 31 24 23 74 24. 54 33 20 
4 6 28. 67 31 25 24 24 24. 54 32 20 
5 4 27.75 30 25 25 46 24. 48 37 18 
8 12 34. 33 44 26 26 18 24. 78 30 19 
9 24 31. 38 38 18 27 27 24. 89 32 22 
10 19 32. 53 36 30 28 15 21. 80 24 19 
11 28 30. 25 44 22 29 6 21. 33 27 15 
12 13 28. 77 38 24 30 4 22. 50 24 D2 
13 24 28. 08 32 24 || July 1 9 22011 33 13 
14 39 26. 97 39 19 2 7 22.14 25 20 
15 31 30. 32 42 25 4 6 22ulg 26 19 
17 10 27. 20 36 22 5 1 18. 00 18 18 
18 24 27. 46 34 24 6 2 21. 50 22 21 
19 36 25. 89 33 21 7 4 ZED 25 20 
20 54 24. 46 33 20 8 fl 17. 00 17 17 
21 78 23.35 29 12 
EU OMD EIVUTHD GreO! LAR Ve ce oe ee Samia ewe ndes ere ieimere Sera. ee 722 
Averare lenshiee: feedin= pemod Il GsVS. 2-9-2 2 8 doe een oo gae ae sete sb oncs gene queen 25. 83 
Maszimum jen eth of feeding period in Ba ys* io. bce wcwrsboorsdrawis te ews scot sree es ae ee aoe at 
Minnunalenpin of feeding -peried INALQYS...... omen ac aa bancncecahecesecnedeosencs seg tee Makan: 12 


Length of the cocooning period.—The average number of days 

which 540 larve of the first brood required to build their cocoons 
_ was 6.12. The date of leaving the fruit and the average, maximum, 
: ay : tae length of the cocooning period of these larve are given 
_ in Table 38 ; 


TABLE 38.—Length of cocooning period of transforming codling moth larve of the 
jirst brood, Yakima, Wash., 1921. 


fi 
, 
| Cocooning period in days. Cocooning period in days. 
Num- Num- 
> | iettmait. | ber of lottinait, | Per of 
% Sire Naren | ty aoa Maxi- Mini- te teO | Tatve. | pe - Maxi- Mini- 
; erase-| mum. | mum. sa hia eed ie crip ia iMac eis sr 
9 
a June 27 2 8. 00 8 8 || July 15 49 6. 37 15 2 
29 1 7.00 7 i 16 55 6. 76 21 3 
30 3 6. 00 6 6 17 43 7. 40 23 2 
July 2 + 6. 00 10 4 18 38 5. 50 13 4 
3 6 8. 00 10 5 19 22 6.77 24 2 
4 6 5. 50 6 5 20 17 5. 41 12 3 
% 5 3 6. 00 ii 5 21 16 4, 94 11 1 
+ 6 % 5. 50 6 5 22 21 5. 00 16 2 
4 7 12 5.17 ll 4 23 il 6.18 19 2 
ie 8 8 5. 00 10 4 24 of 8. 29 28 4 
4 9 15 4. 53 7 4 25 3 9. 67 21 3 
5 10 19 5. 37 16 3 26 3 4,33 5 4 
11 28 6. 36 20 3 27 2, 3. 50 4 3 
12 40 5. 50 14 4 28 2 14. 00 24 4 
13 43 6. 16 16 3 29 2 15. 50 23 8 
- * 14 56 ays: 14 3 30 1 6. 00 6 6 
3 } 
4 prratena TT TIMEIE NN) be UGG” fe ek ay A ag ee cr Be oo oe oa been we ch de wen Sob wis co eteplee 540 
Peo LON aan COCOGnIne NETLOG INOaVS a. ya eh S| Sc eRe ee 6.12 
Bese sac NGF COCGOMINE PTIOG ML OGYS . <2. sac i052 wns ot a sow enon wwe eas aan acne et sspanaes 28 
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PUPZ OF THE FIRST BROOD. 


Time of pupation.—Pupation by larvee of the first brood was first 
observed on oe 5 and continued daily, with four exceptions, until 
August 15. This is shown in Figure 27, which also gives the date of 
maximum pupation as July 23, when 52 larve transformed. 


SIR? {ST ae 
[ae gi bay WL Wes | 


Sn 


8 
° 


NUMELR OF PULIFE 
RQye 
FANLCATAIWIL AVEO FOCSATH7E 


oN & & oR RaGokh SS eS 


PUL RSH | 


i 


ALY: 


SULLY nue 
Fia. 27.—Pupation of the first brood of the codling moth at Yakima, Wash., 1921. 


Length of pupal stage-—Table 39 shows the length of the pupal 
stage of 491 pupe. 


an a 


TaBLE 39.—Length of the peat stage of pupez of the first brood of the codling moth, 
Yakima, Wash., 1921. 


Pupal period in days. Pupal period in days. 
Dateot | Number ____—__—_ ||. Date of 
pupation. : ee Minj- || Pupation 
pup. | ,. axi ini 
Average.| mum. | mum. 
July 5 2 11. 00 11 11 |} July 24 
6 5 12. 80 14 1 
7 2 14. 50 15 14 26 
8 1 11. 00 11 ll 27 
9 3 13. 00 14 12 28 
10 3 13. 00 13 13 29 
11 6 12. 67 17 11 30 
12 17 13. 18 16 11 31 
13 14 12.14 14 11 Aug. 1 
14 10 12. 70 14 12 2 
15 13 12. 62 18 ll 3 
16 26 13. 62 27 10 5 
17 32 13. 00 20 11 6 
18 24 12. 75 20 9 7 
19 43 12.77 27 6 8 
20 28 12. 21 14 11 9 
21 30 12. 20 13 11 12 
22 | 45 11. 89 15 6 21 
23 | 49 12. 78 26 10 
| | 
Total number Of PuUped. .- ~..<<snnennnesanannqacanccancacnbaect § 05s Sis sedne CLOSER es ce oeeen Renee 491 
Averagelength of pupal stage im dayS............-- 22-2 c eee e cence ence ee eee nee e neces een cecceneeceees 12. 62 
Maximum length of pupal stage int GayB. « ..... 6. nc.ecennccescccncnennpeceseussasstscengnasweneaaunes 27 


Minimum length of pupal stage in GayB....... 2... cc ccccccccccnccccnccccccccnnccccnnscsccccsesecss 6 
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MOTHS OF THE FIRST BROOD. 


Time of emergence.—Moths emerged in the insectary from July 13 
to October 9, inclusive, a longer period than heretofore observed. 
These moths include individuals emerging from material reared in 
the insectary, and from larve collected under bands in the field. 
Three individuals emerging on September 5, 6, and 7 from insectary- 
bred material are second-brood moths, and it is assumed that some 
second-brood moths are included in the moths emerging from field 
collections. Moths pared in large numbers for about a month, 
beginning July 21, with the maximum of 78 on July 31. Figure 28 
graphically indicates these data. 

viposition by moths of the first brood.—The oviposition records of 
46 cages in which were confined 645 female moths are given in 
Table 40. Eggs were laid one day after emergence in 20 of the cages. 

Number of eggs per female moth.—Table 40 gives the data on the 
deposition of 13,154 eggs by 645 females of the first brood, which 
emerged between July 21 and August 30. This is an average of 
20.39 eggs. 


TaBLE 40.—Oviposition by codling moths of the first brood in rearing cages, Yakima, 


Wash., 1921. 
Sex. Date of— Number of days— 

From otal 

Ob- |N emer- | pas as 

um- ; Be- ence % er 

ser- Ber Weslhe mes First hare Last fore ‘ to ped arcs of 
va- o - viposi- Sie ee viposi- i= ci- a eggs 

tion. (moths. Male male.| gence. Bien. oviposi- ee Bie rae posi-| last ae 
tion. ad ae tion. | ovi- os- 

| posi- posi- | ited 

tion. tion 

1 20 6! 14| July 22| July 23| July 24] Aug. 1 1 Daan 10} 211 

2 14 9 5 | July 23] July 25} July 25} Aug. 3 2 2 10 ll | 274 

3 21 Zu 14] July 24 |...do.. July 27; Aug. 6 1 3 13 toa DOO 

t 32 9 23 | July 25] July 26} July 29 | Aug. 15 1 = 21 21 | 330 

5 31 12 19 | July 26) July 27] July 30| Aug. 8 1 = 13 13 | 237 

6 20 7 13 | July 27| July 29] July 29} Aug. 7 2 2 10 11 | 147 

7 38 16 22 | July 28|...do....| July 31] Aug.11 1 3 14 14| 646 

8 35 12 23 | July 29} July 30] July 31] Aug. 12 1 Z 14 14} 390 

9 40 17 23 | July 30] July 31] Aug. 1] Aug. 8 1 2 9 9] 320 

10 79 29 50 | July 31| Aug. 1] Aug. 2] Aug. 13 1 2 13 13 |1, 141 

11 55| 19] 36] Aug. 1| Aug. 2| Aug. 4/| Aug. 16 1 3] 15 15 | 992 

12 54 13 41 | Aug. 2} Aug. 3] Aug. 7 | Aug. 15 1 5 13 1S 757 

13 74 26 48 | Aug. 3] Aug. 4] Aug. 6] Aug. 14 1 3 11 11 | 764 

14 20 5 15 | Aug. 4| Aug. 6| Aug. 7 | Aug. 11 2 3 6 7-|- 356 

15 70 22 as Atio St. 2-a0.-..|-- a0... -| Aug.*20 1 2 15 15 |1, 666 

16 63 23 40 | Aug. 6] Aug. 8 | Aug. 8] Aug. 23 2 2 16 17 | 715 

17 35 13 22 VAG Cees Dean al AU. a1 OL Ae. 19 1 3 12 12| 421 

18 40 11 29 | Aug. 8] Aug. 9} Aug. 13 | Aug. 26 1 5 18 18 | 307 
19 36; 12] 24] Aug. 9| Aug. 12] Aug. 14 |...do. 3 5| 15 17} 507 | 

20 18 9 9 | Aug. 10|...do....| Aug. 19 | Aug. 23 2 9 12 13 59 
21 26 9| 17| Aug. 11|...do....| Aug. 15] Aug. 27 1 41 16 16 | 269 | 

22 18 5| 13] Aug. 12] Aug. 14| Aug. 14) Aug. 23 2 21> 10 11| 186 
23 30 9 WA NA. 13°15. de. : Aug. 15 | Sept. 1 | 1 2 19 19 234m 

24 9 4 5 | Aug. 14] Aug. 15 |...do....{ Sept 2 | 1 1 19 19} 114 

25 24 10 14 | Aug. 15| Aug. 18} Aug. 23 ) 3 8 16 18 | 232 

26 15 5 10 | Aug. 16 do.. Aug. 22 | Aug. 30 2 6 13 14} 135 

27 5 2 3 | Aug. 17] Aug. 20 |...do. Aug. 27 3 5 8 10 65 

28 13 5 8 | Aug. 18} Aug. 19 | Aug. 20 } Aug. 31 1 2 13 13 95 

29 16 9 7; Aug. 19} Aug. 20} Aug. 25 | Sept. 7 1 6 19 19; 414 

30 15 4 11 | Aug. 20| Aug. 23 |} Aug. 24] Sept. 5 3 4 14 16 99 

31 15 9 6 | Aug. 21 | Aug. 25 | Aug. 30 | Sept. 9 a 9 16 19 | 296 

32 5 4 1 | Aug. 22| Aug. 29 | Aug. 29 | Aug. 29 7 7 1 7 2 

33 8 5 3 | Aug. 28 }|...do....| Aug. 30 | Sept. 26 1 2 29 29} 104 

34 10 2 8 | Aug. 29] Aug. 31 | Sept. 3 | Sept. 7 2 5 8 9} 119 
ISU nn ER ae = Ne a a ee ee ee 174 S079 [1s. bor 1 4.29.2 eee 
ORESTSUPTY EET a ee tad See Se aes es, OS aN ae ee a ee a 7 9 29 29) (eee 
UVRILESENEATI ey rns tts Seer se pee tee Ae ee i a 1 2 1 Thal Popes 
Snare rel Tan UTTER ION HL Seere 22 ne ee ae ee Cee ae ee. ache lee imma cients Daeeee cee 359 
SUMP SREP BUCA E ESS ETN) CONANT Sect ss ene ete Gann EN Sn cate aidacinn binieint@ cine ecu Same slums 645 
PRICE HMEte ra ein naS he eee oie es ee ee eR eS ee heel sau e J bine eee einer 1, 004 
OETA CONGR De 1 me ete ete eee a's Mid anh mame Ue clown emenice jomamaoeraeee 13, 154 
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Length of life of moths.—Table 41 shows that the average length of 
life of 356 male moths of the first brood was 11.72 days; of 643 
females, 11.39 days. 
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Fic. 28.—Emergence of the first and second pros, ot moths of the codling moth at Yakima, 
ash., : 


TasLe 41.—Length of life of male and female codling moths of the first brood, Yakima, 


Wash., 1921. 
| Male. | Female. Male. Female. Male. Female. 
= um- Num Num- um. Num- 
Length | her of uae ber of Ratt ber of pene ber of hapett ber of ear ber of 
of life ee ©. | moths. || Of 4 Imoths.| 44°: | moths. || 0 44®- |moths moths ; 
| 
Days Days. Days Days Days Days. | : 
1 3 1 3 14 14 35 26 1 26 2 \ 
oz 1 2 1 15 17 15 23 27 1 27 1 
3 4 3 10 16 16 16 28 28 2 28 1 
4 18 4 22 17 9 17 31 29 1 29 0 
5 14 5 21 18 5 18 12 30 1 30 0 
6 21 6 44 19 1l 19 20 34 1 34 1 
7 36 7 65 20 5 20 8 35 1 35 0 
8 20 8 37 21 12 21 6 37 1 37 0 
9 24 9 49 22 4 22 6 39 1 39 0 
10 33 10 68 23 2 23 4 50 0 50 1 
shi 29 11 46 24 2 24 3 | 
12 21 12 44 25 2 25 7 || Total .. 356 | Total.| 643 
1a] 8 | i3| 44 | | 


Average length of life of male moths, 11.72 days; female moths, 11.39 days. 
Maximum length of life of male moths, 39 days; female moths, 50 days. 
Minimum length of life of male moths, 1 day; female moths, 1 ‘day. 


LIFE CYCLE OF THE FIRST GENERATION. 


Table 42 shows the periods in the life of 490 individuals of the first 
generation from the time of deposition of the egg to the emergence 
of the adult. From this table the average life cycle is found to be 
54.14 days, to which must be added 1.74 days, the average length of 
the preoviposition period, to give the complete life cycle from egg to 
egg, which in this case is 55.88 days. All larvee were brought through 
the f eeding period by the stock-jar method. 
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TaBLe 42.—Life cycle of the first generation of the codling moth as observed by 
rearing, stock-jar feeding method, Yakima, Wash., 1921. 


Num- 
Date of be In- 
egg de- indi- euba-|- 
position. vid- tion 
uals. 
May 24 2 9 
2 3 9 
27 5 8 
29 3 7 
June. 1 8 7 
2 17 il 
2 il 8 
a 18 8 
3 9 9 
4 15 9 
4 30 10 
5 11 10 
6 4 iol 
6 12 12 
7 30 12 
8 34 12 
9 59 12 
10 60 12 
12 51 il 
15 15 9 
16 33 9 
18 10 8 
19 18 8 
20 7 8 
21 5 8 
22, 4 8 
23 6 8 
22) 4 9 
25 1 9 
26 1 9 
Dei 2 9 
28 1 9 
29 1 9 
490 |10. 22 


74366°—24 


Larval feeding 
period. . 


Cocooning period. 


Pupal period. 


" Life cycle.} 


Aver- | Maxi-) Mini- 
age. |mum.|/mum. 


Days. Days. Days. 
31. 00 34 28 


1 Add 1.74 days for complete life cycle. 
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Aver- | Maxi-| Mini-| Aver- |Maxi-| Mini-} Aver- | Maxi-| Mini- 
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mum. |mum., 


Days. | Days.| Days. 
12. 50 13 12 


age. |mum.|/mum., 


Days. | Days.| Days. 
58. 00 60} 56 
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THE SECOND GENERATION. 


EGGS OF THE SECOND BROOD. 


Time of deposition.—The complete period over which the first 
brood of moths laid eggs extended over the 91 days beginning July 15 
and ending October 13, although 12,021 eggs, or 77 per cent of the 
total number, were deposited during the four weeks beginning 
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Fic. 29.—Time of deposition of eggs of the second brood of the codling moth at Yakima, Wash., 1921. 


July 21 and ending August 16. The greatest number of eggs de- 
posited in one day was 1,278 on August 7, one of the two dates on 
which the highest average daily temperature of the year was recorded. 
% Ser 29 gives the time of deposition of 15,527 eggs of the second 
yrooda, 
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Length of incubation.—The length of the incubation period of 5,342 
eges of the second brood, the number of days from deposition to the 
appearance of the red ring, and the number of days from deposition 
to the appearance of the black spot are given in Table 43. ‘The 
incubation period of eggs which were deposited after August 30 was 
about three times as long as required by eggs which hatched in 
July and early August. This is Tas to daily average temperatures 
generally below 60° F. 


TaBLE 43.—Time of deposition and length of incubation of eggs of the second brood 
of the codling moth, Yakima, Wash., 1921. 


Number of days from deposition to appearance of— | Incubation period in days. 

Date of | Num- : 

deposi- | ber of Red ring. Black spot. 

tion. SS Aver Maxi- Mini- 
Aver- | Maxi- | Mini- | Aver- | Maxi- | Mini- | #8°- | Mum. / mum. 
age. mum. | mum. age. mum. | mum. 


July 15 31 3. 00 3 3 6. 00 6 6 7.03 8 7 
17 6 2. 00 2 D) 5. 00 6 6 WAT 8 7 
18 23 3.00 3 3 6. 00 6 6 7.09 g 7 
20 4 3.00 3 3 5.00 5 5 6. 50 7 6 
1 19 3. 00 3 3 5. 00 5 5 6.16 7 6 
92 li 3. 00 3 3 6. 00 6 6 7.00 7 7 
23 124 3.00 3 3 5. 00 5 5 6.77 7 6 
24 132| 3.00 3 3 6. 00 6 *6 6. 92 % 6 
25 64| 3.00 3 3 5. 00 5 5 6. 34 7 6 
26 41 3.00 3 3 5. 00 5 5 6. 46 7 6 
27 45 3. 00 3 3 5.00 5 5 6. 22 7 6 
28 93 3.00 3 3 5. 00 5 5 6.10 7 6 
29 120 3.00 3 3 5. 00 5 5 6.17 7 6 
30 942 3.00 3 3 5.00 5 5 6.98 7 6 
31 352 2.00 2 2 6. 00 6 6 7.00 7 7 

Aug. 1 183 2.00 9 2 5. 00 5 5 6.52 7 6 

Cn ed Sat 2.00 2 2} 6.00 6 6 7.00 7 7 

3 19 2. 00 ) @ Pe 00 5 5 6. 00 6 6 

4 198 2. 00 2 2| 5.00 5 5 6. 00 6 6 

5 200 2.00 2 70 5 5 6. 33 7 6 

6| 456] 2.00 2 2| 5.00 5 5] 6.00 6 6 

7 511 3. 00 3 | 3] 5.00 5 5 6. 32 8 6 

8 470 2.00 2 2) 5.00 5 5 6. 00 6 6 

9 243 2. 00 2 2| 5.00 5 5 6. 28 7 5 

10 144 2. 00 2 | 2| 5.19 6 5 6.19 7 6 

11 180 2.00 5) 2! 6.00 6 6 7.58 8 ‘on 

12 60 2. 00 2 2 6. 00 6 6 8. 00 8 8 | 

13 61 2.00 2 2 7.00 7 7 8. 00 8 Sart 

14 192 3.00 3 | ee ee Ar 7 7 9.09 10 8 | 

15 53 3. 00 3 | 3 7.00 7 7 9. 21 10 8 | 

16 60 3. 00 3" 3 8. 38 9 8] 10.42 12 9 | 

17 | 24 3.00 3 | 31 8.00 8 8} 10.29 11 10 

18 37 3. 00 3 | 3 8. 00 8 8 9, 24 10 9 | 

19 38 3.00 3 | 3 8. 00 8 g 9. 42 10 9 | 

20 69 3. 00 3 | 3 8. 00 8 8 9.64 10 9 | 

21 | 55 3.00 3 | 3 8. 00 8 8 9.58 10 9 | 

92| 521 3.00 3 3| 8.00 8 8| 9.33 il 9 | 

23 54 3.00 3 3 8. 00 8 8} 10.07 11 9 | 

4 42 3. 00 3 | 3 8. 00 8 8; 10.43 11 10 | 

25 20 3. 00 3 3/ 8.00 8 | 8| 11.25 13 10 

26 3 4. 00 4 4 9. 00 9 | 7 F-11200 + + et 11 

27 53 4.00 4 4; 9.00 9 9] 11.30 12 Lip} 

29 18 4.00 4 4) 10.00 10 | 10] 16.11 17 15.4 

30 71 4.00 4 4} 14.00 14 14) 1799 18 16. | 

31 15 6. 00 6 6| 15.00 15 i5|. 17.67 19 17 | 
Sept. 1 45 6. 00 6 6} 1413 15 14). 17.43 18 17 

2 26 6. 00 6 6| 15.00 15 15| “L735 18 17 

3 44 5. 00 5 51 15.00 15 15| 17.66 19 16 

4 34 4.00 4 4] 14.00 14 14} ey, 35 19 17 

5 18 6. 00 6 6 15. 00 15 15 18. 44 19 47 

6 35 6. 00 6 «| 15.00 15 15| 19.00 20 ig | 

7 20 6.00 6 6| 17.00 17 17| 19.95 py is | 

8 12 7.00 7 7| 18.00 18 i8| 21.83 93 20 | 

9 7 8. 00 8 g{| 18.00 | 18 is| 21.43 23 20 | 

10 3} 9.00 9 9} 18.00 | 18 18| 21.00 21 a1 | 
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LARV# OF THE SECOND BROOD. 


Time of hatching —The first larve of the second brood were recorded 
on July 22, and worms continued to hatch until October 2. The 
maximum number of larvee hatching in one day was 954 on August 12, 
or 21 days after the earliest larve appeared. N o worms were hatched 
from eggs deposited later than September 13. The time of hatch- 
ing of second-brood eggs is found in Figure 30. 
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Fia. 30.—Hatching of larve of the second brood of the codling moth at Yakima, Wash., 1921. 


Length of feeding period of wintering larve.—The average length of 
the feeding niicibd ig the stock-jar method of 559 nontransforming 
larve of the second brood was 34.02 days. The details of this period 
and the effect of lower temperatures from August 14 to September 
19 in lengthening the feeding period are shown in Table 44. 
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TABLE 44.—Length of feeding period of wintering larve of the second brood of the 
codling moth, Yakima, Wash., 1921. 


| | Feeding period in days. Feeding periodin days. 
Date of | Num- Dateof | Num- : 
ime = of ¥ : Soe shee of ra i 
ruit.. | larve. = Maxi- Mini- Tuit. arve. : Maxi- Mini- 
| Average-} num. mum. Average mum. mum. 
July 22 | 7| 24.14 29 19 || Aug. 15 30} 42.96 56 29 
23 1 20. 00 20 14 39. 93 58 31 
25 5 21. 40 22 20 17 11 43. 00 oo 28 
26 1 20. 00 20 20 18 12 44. 58 51 34 
27 6 25. 50 40 21 | 19 | 6 38. 17 54 17 
28 3 17. 67 18 17 20 9 42.11 47 33 
29 11 20. 64 28 18 21 7 47. 00 52 42 
30 20 26. 65 41 20 22 15 48. 80 65 39 
31 14 23. 71 26 20 23 | 6 42. 83 48 38 
Aug. 1 19 22. 68 29 17 24 8 48.75 71 42 
2 13 25. 08 31 20 25 2 54. 50 62 47 
3 18 27. 72 40 21 26 3 56. 33 64 46 
- 38 26. 37 48 19 27 10 48. 00 61 43 
5 25 28. 80 49 19 30 3 47. 00 59 39 
6 30 27. 97 at 21 31 = 52. 70 58 43 
7 28 28. 25 44 19 Sept. 1 3 63. 00 72 55 
8 14 27. 43 36 19 2 4 63. 50 70 56 
9 24 27.13 40 19 3 3 60. 35 71 50 
10 27 30. 96 54 12 + + 63. 00 66 60 
11 18 32. 83 49 23 6 1 61. 00 61 61 
12 32 35. 34 48 26 7 | 3 58. 67 61 54 
13 26 36. 62 60 14 15 | 1 56..00 56 56 
14 19 39. 89 61 28 19 | 1 39. 00 39 39 
Totti ase Nevin Dilys oe S90 Oe A Sead a ere Aa & Ce PI) ee 559 
PWR AECL ME TGCUIIE FINA TTY IS UN. - os one ch oe ca co cca daks daca ma dea don cor aao ss 4. Ones Seen 34.02 
Maarmum leneia of Teed MerlOG AN ays 2sccsss. cb os so accoee et st Stans onic = coat c+ saa see oe 72 
Mimimum length of feeding period in days -. $5.2 <:. .:-.......-2....2 Se eee 12 


Transforming larve of the second brood.—Five transforming second- 
brood larve which left the fruit between August 10 and August 25 
had an average feeding period of 16.6 days. The average length of 
the cocooning period of four of these larvee was 2.5 days. From the 
resulting pupe, three female moths emerged, after passing through 
an average pupal period of 17.67 days. ‘The length of the life cycle 
of the second brood was not computed, owing to the small number 
of transforming larve. These moths deposited 43 infertile eggs. 


CODLING-MOTH BAND STUDIES OF 1921. 


Band-record studies were continued in the Guthrie orchard at 
Yakima in 1921. Twelve of the larger trees were scraped and banded, 
and 3,666 larve were collected during theseason. The first larve were 
found under bands on June 22. The last collection was made on 
October 14, after the fruit was harvested. Although there is some 
overlapping of broods in the band collections, the insectary studies 
indicate that August 9 may be considered the arbitrary division 
point between the first and second.broods of larve. Accordingly, 
the maximum collection for the first brood was 149 larve on July 22, 
and for the second brood 179 larve on August 30. 

The results of these studies are given in Figure 31. 

No band-record studies were made in the Walden orchard in 1921. 

A summary of the seasonal history of the codling moth for 1921 
is shown in Figure 32. 


54 BULLETIN 1235, U. S. DEPARTMENT OF AGRICULTURE. 


atusterd A lst Pere 
Rae pf fH 


COE ay 
SEN 
Fave 


Fic. 31.—Occurrence of codling moth larve under bands on apple trees at Yakima, Wash., 1921. 
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Fic. 32.—Seasonal history of the codling moth at Yakima, Wash., 1921. 
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VARIATIONS IN THE SEASONAL HISTORY OF THE CODLING MOTH 
IN THE UPPER AND LOWER YAKIMA VALLEYS. 


Owing to the fact that the Yakima Valley is divided into two large 
sections, the upper and the lower valleys, and that the season in the 
lower valley is somewhat earlier than in the upper, some studies were 
made by means of banded trees and screen cages to ascertain the 
ane this difference would have on the seasonal history of the codling 
moth. 

In Figure 33 a comparison is made between band records secured 
in 1919 at Yakima in the upper valley, and at Buena in the lower 
valley (see also p. 20). The solid line is a record of the occurrence 
of larve under bands at Yakima, with an elevation of 1,100 feet, and 
the dotted line records the same thing for Buena, with an elevation 
of 850 feet, the two stations being approximately 16 miles apart. At 
Buena the maximum number of first-brood lary occurred July 3, 
and at Yakima a high point was reached July 17, which, judging from 
insectary records, probably represents the true maximum more accu- 
rately than the high point of August 1. Thus there was an interval 
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Fig. 33.—Occurrence of codling moth larve under bands on apple trees at two points in the 
Yakima Valley, Wash., 1919. 


of 14 days between the two stations. For the second brood the 
maximum at Buena occurred August 23. At Yakima the actual 
maximum occurred September 18, 26 days later, but this was due to 
an accumulation of larve delayed by cold weather occurring Sep- 
tember 8 to 13, and it is believed that the true maximum should have 
been about September 3, or 11 days later than at Buena. 

In 1920 not enough larve were secured at Buena to show con- 
clusively when the maximum for the broods occurred, but the ap- 

arent maximum at Buena occurred several days before that at 
akima. 

Temperature records were kept in the orchard at Buena in 1920 and 
1921 with a thermograph, and a comparison of these with similar 
orchard records at Yakima shows that the average monthly tem- 
perature at Buena is higher than that at Yakima. The average 
difference in 1920 and 1921 for each month during which records were 
taken has been figured and was as follows: April, 4.7°; May, 3°; June, 
3.1°; July, 2.4°; August, 2.3°; September, 2.4°; the average for the 
season being 3°. 

Screen cages containing from 50 to 200 larve were also placed at 
various points in both valleys in 1920, 1921, and 1922 and examined 


56 BULLETIN 1235, U. S. DEPARTMENT OF AGRICULTURE. 


every three days during the time the spring.brood of moths were 
emerging. These cages were stocked with larve in the fall, the larve 
being allowed to spin cocoons under a burlap band around a section 
of a tree limb held upright in the center of the cage. The cages were 
placed in the crotches of trees in orchards early in March, before any 
development had taken place. They were thus kept under as nearly 
normal conditions as possible. The elevation at these stations ranged 
from 800 to 2,000 feet. These cages differed very little in the time 
of emergence of moths. At most of the stations the maximum emer- 
gence occurred within three days of the maximum date at the in- 
sectary at Yakima. Thus in 1920 the maximum date at Yakima 
was June 2. Of 13 cages, the maximum emergence occurred in 10 
of them during the period from June 1 to June 4, inclusive. Of the 
other three cages, one was in the lower valley on a south slope, and 
the maximum occurred May 21, and the other two were at elevations 
600 and 1,000 feet higher than Yakima, and the maximum emer- 
gence occurred on June 8 and June 15, respectively. In 1921 the 
maximum emergence at the insectary and in a cage in the experi- 
mental orchard occurred on May 30. In the other nine cages it 
occurred from three to nine days later. In 1922 maximum emer- 
gence of moths again occurred at most stations within a few days of 
the maximum at the insectary at Yakima. The maximum at Yakima 
was on June 1. In the lower valley two stations were maintained 
and the maximum occurred at one of them on May 27, and at the 
other on May 30. In the upper valley the maximum at two stations 
was May 30; at five, June 2; and at one, with an elevation of 2,000 
feet, June 8. This evidence tends to show that there is not very 
much difference between different parts of the two valleys in the 
time of emergence of moths of the spring brood, though, owing to the 
warmer summer weather in the lower valley, the majority of the first 
brood of larve became full-grown from a week to two weeks earlier 
than in the upper valley. 


SEASONAL-HISTORY STUDIES AT WENATCHEE, WASH., 1915 AND 
191 


During the seasons of 1915 and 1916 the senior author, while sta- 
tioned in the Wenatchee Valley of Washington, undertook some life- 
history studies of the codling moth. Since these were carried-on as 
a minor project, it was not possible to make as detailed studies as 


have been made at Yakima, but it is deemed advisable to present. 


here a summary of the data that were obtained in order that a com- 
parison may be drawn between the two districts. 

The Wenatchee Valley is situated in central Washington, about 
60 miles north of Yakima. The elevation at Wenatchee, which is 
just south of the confluence of the Wenatchee and Columbia Rivers, 
is only about 800 feet, but as the valley is nearer the Cascade Moun- 
tains than the Yakima Valley the season is about the same. The 
average apple crop in the Wenatchee district is about the same as 
that of ihe Yara district. 

The winter of 1914-15 was mild and the spring early. Maximum 
temperatures of 80° F. or more were experienced on April 16 to 19, 
inclusive, which is unusual for this month. Warm weather was again 
experienced during the first week in May, after which temperatures 


~ 
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were somewhat below normal, and the precipitation was relatively 
heavy. The early part of June was cool, but tke rest of the summer 
was unusually warm. Of the 72 days in the period from June 21 to 
August 31, inclusive, 38 days had maximum temperatures of 90° F. 
or over. ‘The apple trees were in full bloom April 15 to 20. 

Figure 34 gives a summary of the stages in the life history of the 
codling moth that were chiefly studied in 1915. The maximum 
pupation occurred during the warm weather in April and the maxi- 
mum emergence of spring-brood moths just one month later. Of 144 
pupz observed, the average pupal period was 30.44 days. 

No further studies of the codling moth were made until late in June. 
Newly hatched larve had been first noted entering the fruit on trees 
in the laboratory yard on May 29, and on June 27 the mature larvee 
were beginning to leave the fruit. On this date 226 wormy apples 
were collected to secure material for further observations. 


APRIL MAY ASUINE SULY Fhe WLPTEMBER| OCTOBER 
eC ie | ee | ee eres} 


OULRTION YF SPRING BROOD /9/6 
| 26 TH. 
g - 48 7H. 
(hee hl a eek ae” MERBENCE \OF SPRING BROOD MOTHS AS 
1915 _|7THeg, 1377 
. 2 67) 
CELLED UNLORE: MERGENCE \OF SPRING BROOD MOTHS /WE 
IApE THE LZ 78bs | UT, 
barra puear le RET BRGPD 1915 
7 9TH. 
49TH. 


7] 
EMERBENCE 0 057 | 2000 MOTHS /U5 
13TH, ; 


~~ 7 
gs) LMERCENCE_ O y< EST BROOD MOTHS 
24g (ATH. /H16 


Fig. 34.—Partial seasonal history of the codling moth at Wenatchee, Wash., 1915 and 1916. 


Of the 179 first-brood larve observed, the average cocooning period 
was 6.82 days. Pupation began July 3, as shown in Figure 34, and 
continued until August 9, with a maximum on J uly 21. The average 
pial period of these first-brood individuals was 11.87 days. Moths 

egan emerging from them on July 13 and continued until August 21, 
with a maximum on August 1. 

Larve of the second generation began leaving the fruit on August 
24, reached a maximum on September 4, and continued to leave the 
fruit until October 6. No evidence of a third generation was 
obtained. 

In 1916, the season was later than in 1915, but little warm weather 
being experienced until the second week in June, when it suddenly 
became hot, temperatures going above 90° F. on June 13 to 17 
inclusive, and above 100° F. on the last two days of this period. 
This hot weather was followed by two weeks of abnormally cool, 


~ 
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rainy weather. Thereafter the weather was not unusually warm 
until the last week in August, when temperatures of 100° F. or more 
were again experienced for five or six days. With a cooler spring, 
the development of trees was delayed, and apples were not in full 
bloom until about the beginning of May, nearly two weeks later than 
in 1915. 

Figure 34 summarizes the data secured on several of the stages 
of the codling moth in 1916. Pupation was at a maximum on April 
26, and the average length of the pupal stage was 31.29 days. Moths 
of the spring brood began emerging in the orchards early in May, 
though none was secured at the insectary from the limited material 
available until May 20. There was a maximum emergence on May 
24, and emergence continued until June 17, though, owing to the 
cool weather of the latter part of June, a few moths emerged in the 
orchards as late as July 11. Only general observations were made 
on oviposition, and this work began late in May and continued as 
long as moths were present. 

Larvee of the first brood began leaving the fruit on July 5. On 
July 11 an examination was made of 687 wormy apples, and it was 
found that the mature larve had gone from 5.6 per cent of these. 
The largest number left the fruit on August 3, and larve continued 
to leave until August 24. The average cocooning period for 493 
first-brood larve was 6.42 days. Pupation rnc from July 12 
until August 29, with a maximum on July 31, as shown in Figure 34. 
The average pupal period of 493 first-brood pupz was 13.49 days. 

Moths of the first brood were emerging from July 24 until Septem- 
ber 14, and probably later, with a maximum on August 15, and 
the oviposition followed very closely the emergence of the moths. 
The maximum hatching of second-brood larve occurred August 
15 to 20. 

It will be seen from this brief summary that the life history of 
the codling moth in the Wenatchee Valley follows very closely that 
in the Yakima Valley, but each period would probably occur slightly 
later in the same year at Wenatchee than at Yakima. 


MISCELLANEOUS STUDIES. 


WINTERKILLING OF LARV. 


It is a common occurrence to find winterkilled codling moth 
larvee when examining trees in the spring. Some larve appear to 
succumb to fewer degrees of cold than others, but, as the cold increases, 
increasing numbers of larve are killed. An opportunity of studying 
this effect of the cold was afforded in the winter of 1919-1920. In 
December, 1919, minimum temperatures were experienced in the 
Yakima Valley lower than any previously recorded. On December 
9 and 10, a severe snowstorm occurred, with some wind. The 
storm cleared away on the 11th, and minimum temperatures of 
zero or lower were recorded for the four succeeding days. On 
December 13 the Weather Bureau observer at Yakima reported 
—24° F. while the minimum thermometer at the insectary recorded 
—25.5° F. Unofficial reports from various points in the Yakima 
Valley showed minimum temperatures of —15° to —30° F. During 
this cold period there were from 4 to 18 inches of snow on the ground, 
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After December 15, the weather gradually became warmer, and 
for a number of days the temperature remained above the freezing 
oint. 

All the wintering larvee in the insectary succumbed to this extreme 
cold. Examinations of larve wintering on apple trees were made 
in various localities during the succeeding two months in order to 
ascertain the effect of different degrees of freezing on the larve. 
It was found that where minimum temperatures of —15° to —20° F. 
had been experienced from 70 to 80 per cent of the larve were killed. 
Minimum temperatures of —20° to —25° F. had killed from 80 to 
90 per cent of the larve, and minimum temperatures of —25° F. 
and lower had killed all the larve. In all cases the larvee examined 
had no other protection than bark or burlap bands. Larve occurring 
below the snow line of December 13 or in the soil all survived, no 
frozen individuals being found in these places. These protected 
individuals made possible the continuance of the codling moth in 
the colder localities. 

On January 18 and 19, 1922, the minimum temperature at Yakima 
was —4° and —8° F., respectively, and on several other days in 
January the minimum was zero. An examination of wintering 
larve on the trunks of apple trees near Yakima was made April 17. 
Of 346 larve examined, 15, or 4.3 per cent, had been frozen. 


WINTERING PERIOD. 


During the season of 1920, records were kept of the date of leaving 
fruit of all wintering larvee, and in the spring of 1921 the dates of 
pupation of these larvee were recorded. ‘These figures show a wide 
variation in the length of this period. One lot of 176 larve collected 
under bands on September 18, 1920, which had all probably left the 
fruit within a period of three or four days, pupated over a period of 
58 days in the spring of 1921, or from ea 10 to June 6, inclusive, 
as shown in Table 45. The pupal period was more than usually 
prolonged in 1921, however, owing to fluctuations of temperature. 
A cold wave in the middle of the pupation period, from April 21 to 
May 4, delayed the pupation of many larve and resulted in two 
maximum periods of pupation instead of the usual one (see Fig. 23). 
On the other hand, there is a definite tendency of the earlier-matur- 
ing larve to pupate earlier than those maturing later in the fall. 
The pupation of 49 wintering first-brood larve was recorded, and of 
these 35, or 71 per cent, pupated during the first half of the pupation 
period, that is, April 9 to May 5, inclusive. Records were obtained 
of 499 wintering individuals of the second brood, exclusive of the 
lot of 176 mentioned above. As shown in Table 46, approximately 
half of the larve leaving the fruit in August pupated before May 5. 
Of those maturing in September, about two-thirds pupated before 
May 5, while of those maturing in October, only one-third pupated 
before May 5. 
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TasLe 45.—Wintering period of codling moth larvxe of the second brood collected 
under bands at Yakima, Wash., September 18, 1920. 


Winter- | Number Winter- | Number | Winter- | Number 
Baier ing period] of in- eee Ao ing period] ofin- | baa ing Seat of in- 
Eade in days |dividuals |) PUP in days |dividuals | PUP® in days {dividuals 


Ea 


1921 1921 | 1921 

Apr. 10 204 4 || Apr. 27 221 1 | May 15 239 12 

ll 205 5 || May .1 225 i 16 240 6 

12 206 3 2 226 1 | 17 241 $ 

14 208 1 4 228 Ay | 18 242 4 

8s) 209 2 5 229 3 | 19 243 5 

16 210 5 6 230 6 20 244 5 

17 211 8 7 231 4 | 21 245 2 

18 212 8 8 232 5 | 22 246 7 

19 213 3 9 233 7 | 23 247 4 

20 214 2 10 234 5 | 24 248 3 

21 215 7 11 235 5 29 253 1 

22 216 3 12 236 8 || June 4 259 2 

25 219 3 13 237 5 6 261 1 

26 220 2 14 238 12 

iA Seen oS 176 
Averare number of ‘days in’ wintering period =>. :-. 3.22. . 222... S222 eee es 2 = Be See 229. 79 
Maxintum number of days’in wititering period’... .-625: FLL fiert ). els. Sr ee Se 261 
Minimum number of days in wintering period 2-2. oes shes seater eo o ceemepeesaesss4-= tase oe ee 204 


TasLe 46.—Time of pupation of wintering larve of the second brood of the codling 
moth, Yakima, Wash., 1921. 


Date of pupation. 
: Number : 
. : April 9 to May 5 May 6 to June 5 
Date of leaving frnit. of in- ? , 
dividual 1921. 1921. 


Number. | Per cent. | Number. | Per cent. 


Ree. 6233800 OY DST AGU ay Bi ass 39 18 46 21 54 
Te TET, ee a MEET 2 2 ad Pree TEPER 201 135 67 66 33 
erent ae ce ee Oo, ee eee ee a 140 92 66 48 34 
Getha-as.7. isi orci Seer hermes is 75 26 35 49 65 
eee en ae ee ae ee oe ee 44 14 32 30 68 


EMERGENCE OF MOTHS FROM THE SOIL. 


In the Yakima Valley a considerable number of wintering codling- 
moth larve spin their cocoons in the soil about the bases of the 
trees. Most of these cocoons are found in the first inch or two of 
soil and immediately adjacent to the trunk of the tree. (PI. III, fig. 2.) 
Examinations of trash and soil away from the trunk of the tree 
have failed to show any appreciable number of cocoons. In the fall 
of 1921, five unsprayed trees were carefully examined, and 2,780 
wintering larvae were collected. Of these, 578, or 21 per cent, were 
in the soil. 

On account of the large number of worms cocooning in the soil, 
it was thought desirable to ascertain what effect this fact has on the 
emergence of the spring brood of moths. Accordingly, in the fall 
of 1919, four screen cages were arranged, two of which each had an 
upright stump with a burlap band around it secured to the floor 
tosimulate a banded orchard tree. The other two were each equipped 
with an upright piece of wood in the same position as the stump, 
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and several inches of soil was placed in them, about the pieces of 
wood, which latter were too smooth to afiord a cocooning place for 
the worms above the soil surface (PI. I, fig.2). Each cage was stocked 
with 160 worms in September, 1919, but the extreme cold in Decem- 
ber froze those in the band cages and some in the soil cages. Con- 
sequently, in February, 1920, 100 additional worms were placed in 
each band cage and 30 in each soil cage. These cages were set in 
the open, side by side, the soil cages being sunk in the ground so 
that the soil surface in the cages was level with that outside. Records 
of the emergence of the moths were made daily, and 60 moths were 
secured from the two band cages and 134 from the two soil cages. 

In 1921 the experiment was repeated, 100 worms having been 

laced in each cage in the fall of 1920. Emergence records were 
bart as before, 98 moths being secured from each pair of cages. 
In 1922 records were again obtained, 130 moths being secured from 
the band cages, and 57 from the soil cages. 

In Table 47 the records of the emergence of moths from the bands 
and from the soil are compared for the three years, the dates being 

iven on which specified percentages of the total moths had emerged. 
i 1920, moths emerging from the soil appeared from 6 to 13 days 
later than those from the bands, while in 1921 this interval was 
only from 1 to 4 days. In 1922 the moths emerged from the soil 
cages earlier than from the others, for the most part. The reduc- 
tion of the interval in 1921 was due partly, if not wholly, to a period 
of unseasonably warm weather occurring from May 13 to June 9, 
and covering practically the entire emergence period of these moths. 
In 1922, the weather also was unseasonably warm throughout 
June. ‘Thermograph records were kept both of soil and of air tem- 
re and the daily mean soil temperature every year averaged 
rom 2 to 4° higher than the air temperature. 

It is evident from these experiments that, although the soil tem- 
perature averages somewhat warmer than that of the air, the emer- 
gence of moths from the soil may be somewhat delayed and may be 
more prolonged than that of moths from the trunks of trees. This 
ey . even more pronounced in orchards where cover crops shade 
the soil. 


TaBLe 47.—Emergence of moths of the spring brood of the codling moth from bands 
and from the soil, Yakima, Wash., 1920, 1921, 1922. 


1920 1921 1922 
Per cent Date emerged. | Date emerged. Date emerged. 
emerged. | 
nie nel 1 eee 
From From val. | From From val. From From be 523 


bands. soil. _ bands. soil. bands. soil. 
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TIME OF DAY MOTHS EMERGE. 


In order to learn at what time of the day most of the moths emerge, 
observations were made on moths of both the spring brood and the 
first brood in 1919 and 1920. Certain lots of pupxe were observed 
hourly from 6 a. m. to 6 p. m., inclusive, during the time the moths 
were emerging in quantities, and a record was kept of the number 
found at each observation. The records for 6 a. m. include all moths 
emerging between 6 p. m. and 6 a. m. 

Moths of the spring brood.—In 1919, the hourly emergence of moths 
was observed from May 21 to June 1, inclusive, as shown in Table 48, 
454 moths being beerdudl The largest number for any hour emerged 
between 9 and 10 a. m., 27.8 per cent of the total being recorded for 
this hour. 


TABLE 48.—Hourly emergence of codling moths of the spring brood from 6 a. m. to 
6 p. m., inclusive, Yakima, Wash., 1919. 


Number of moths emerging at— 


Date of ibm ini wa Detat 
emergence Az oh. - P.M. tor él 
of moths. 

moths 


Che ol yO} Of S| 981 30) a0} 6 Lb oat soo Wed ee 80 
May 22....... vo) ol? sez]. ag bead!) g 10 ha fF ORY DT eas g 78 
May 23....... Dt OL EF0 he Ot cadcreshe tha eeorl iba ee 17 
May 25....... DT! Gh OPO Oe et Pee ae Tee 37 
May 26....... Oo! loolhorokr smtroshbrplaugio ait tilaelsead Vanes 74 
May 27....... Ot 0], Sigsiat 1 15| i) 3 Wien. dee tes 73 
May 28....... Of 2 ot oF Nee etigg | Chg —<GeaEA GIP W p Fathi] ony 43 
May 31....... OD le Olt Once ceil acide shiodie ditlvediaenaen 26 
June 1.2... Bap REO [AM gay Fg OTe Se ean eae et 26 

Total..| | o|- o} 13|. S0| 36] wel zal S71, orl vant girly call aches 
Percent......| 0.0] 0.0/ 29/110) 278/227] 16.3] 81] 51] 24| 24] 07/07]... 


In 1920, the hourly emergence of spring-brood moths was observed 
from May 26 to 31, inclusive, records being made of 284 moths. It 
will be seen in Table 49 that the largest number (32.0 per cent) emerged 
between 10 and 11 a.m. In both seasons a large majority of the 
moths emerged between 9 a. m. and noon, 66.8 per cent being recorded 
in 1919, and 65.5 per cent in 1920. In neither year did any moths 
emerge between 6 p. m. and 7 a. m. 


TaBLE 49.—Hourly emergence of codling moths of the spring brood from 6 a. m. to 
6 p. m., inclusive, Yakima, Wash., 1920. 


Number of moths emerging at— 


Dateof | — 
emergence A.M. TER ber of 
of moths. 

a ee eee eee 

6 7 s fie 1 to} 1 | 12] 1 2 3 4 5 6 

May 26....... 0 0] oO | of +R S46 | ost ers 5 ry par mee ms ie 2 
May 27....... Ay on El fol ig 8 4 3 9 a. ig 2/ Oo 54 
May 28....... re pe ay ee a) io 8 2| 9 Sion 3 o| oO 39 
May 29....... if Ps | gene Bay 2 1 2| 6 1 Oly (GO) ole | ne 13 
May 31....... 0 64 oy SL i Oe a 1 | eee ge ny | 4 102 
Total... 0] o}| o| 6} 47] 91] 48] "s2] 25! 10] -10)).> aimee 

Per cent...... | 0.0 0.0 0.0 | 2.1 16.6 | 32.0 16.9118] &S1 6.7| 25) OF) cae 
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Moths of the first brood—Hourly emergence of first-brood moths 
was observed in 1919 from July 21 to 23, inclusive, 138 moths being 
recorded. Table 50 shows that more moths emerged between 8 
and 9 a. m. than during any other hour. 


TaBLE 50.—Hourly emergence of codling moths of the first brood from 6 a. m. to 
6 p. m., inclusive, Yakima, Wash., 1919. 


Number of moths emerging at— 


OOS | Total 

Date of 
emergence A.M. PIM. pera 
MME. wins Wile TW} Sint an) iis or moths 


July 21....... 1 Tp aap) 3 RY ASG ot) feet se ito Ha 59 
July 22....... 1 1 G1. 233 |, 13+ ot oe eS Gee ee Oth vy Ola O 50 
July 23....... stg hora 5 1 6 1 of OT Oo 
Total..| 6] 2| 14] 30] 22] 23| 1 Pie a) Og 2 0 1 138 
Per cent.....- ee as Ot or7 bing | 16-7 So} RE P1010 | ah ae} 001-07 |e 


In 1920, observations were made from August 9 to 14, inclusive, 
Table 51 showing that of 234 moths the largest number emerged 
between 12 noon and 1 p.m. The emergence period of first-brood 
moths covers more hours of the day than in the case of the spring 
brood. In 1919, 64.4 per cent of the moths emerged between 7 
a.m.andilla.m. In 1920, the emergence was even more prolonged, 
and in order to total up a comparable number of moths it is necessary 
to include all moths emerging between 10 a. m. and 4 p. m., between 
which hours 67.7 per cent of the moths emerged. In all cases, a 
majority of the moths emerged before the maximum temperature for 
the day was reached. 


TaBLE 51.—Hourly emergence of codling moths of the first brood from 6 a. m. to 
6 p. m., inclusive, Yakima, Wash., 1920. 


| 
Number of moths emerging at— 
| 


pateine oe E ARE Las i i TO et 1 
Date of | 

emergence | A.M. P.M. bavor 

Seine ere ee Meet 6 2a sp a ed i eh oe 


Aig 9 (2.3.25 0 0 0 1 1 2 2 11 9 4 3 0 0 33 
Aug. 10...... 0 1 1 0 0 0 1 4 6 5 5 9 0 32 
BUBGSU - srods 2 0 0 4 1 5 2 6 0 4 1 1 0 26 
US be opr atiry 1 0 1 1 0 2 2 7 1 5 4 5 5 34 
Vit (yl 1s jee Sapa 3 0 1 2 0 6 2 11 7 6 11 4 7 60 
Aug. 14...... 4 1 5 7 6 2 + 9 1 1 0 0 2 49 

Total..} 10 2 8 15 8 24 13 48 24 25 24 19 14 234 
Per cent...... 4.3} 0.9) 3.4] 6.4] 3.4) 10.3] 5.6] 20.5]10.8| 10.7] 10.3] 81] 5.9 ]....... 


TIME OF DAY MOTHS OVIPOSIT. 


It is of some importance to know the time of day most of the 
codling moth eggs are deposited and the effect of varying degrees 
of temperature on egg deposition. It is particularly important 
to know the effect of 


temperature on the deposition of eggs by 
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the spring brood of moths, in order to time properly the first cover 

application of spray. These points were made the subjects of 

experiments in 1919 and 1920, both on moths of the spring brood 

a on those of the first brood, and in 1921 on moths of the first 
rood. 

Moths of the spring brood.—In 1919, seven cages of moths, each 
containing approximately 25 individuals, were observed daily, begin- 
ning at 6 a. m., and observations were made every three hours, 
except at 3 a. m., during the period from June 3 to June 8, inclusive. 
The temperature at the time of making each observation was also 
noted. The results of these observations are given in Table 52, 
the number of eggs deposited in all the jars for any given period 
being added together. No eggs were deposited between midnight 
and 6 a. m., and thereafter the number increased for each period, 
reaching a maximum of 57.30 per cent of the total during the 3-hour 
period ending at 6 p.m. Between 3 p. m. and 9. p. m., 80.67 per 
cent of the total eggs were deposited. 


TaBLE 52.—Time of oviposition by codling moths of the spring brood, in 38-hour 
periods, Yakima, Wash., 1919. 


— 
Date of oviposition. 8 
* 
June 3 | June 4 June 5 June 6 June7 | Junes © 3 
| 
_ . 
i inc Boal ae ee | S| Loe Pn MA bea fs oe lee pee, 3 nn 
Hour of vs a el os é a fa i oS 
Observation. |-a-|, dij. bo fh. o.| Bead. Lea loa! eeol a a seth ke = o3 
Sead gE IG IPE a pe Uso? 84S Se De eee 
S) = rs) 2 iS) = 3) = 3) 2 rs) = a 2 7: 
wy we om be = be ° 
A st a = i = a Sl =P gd P= ee 
2 - Pe Pa +a re Pe Ve pea Se pe ae = < fa 
Gittins ee 0 61 0 57 0} 60 0 ol 0 49 0 56 0| 453. 83 0. 00 
at 1) eee eee 0} 63 0} 67 3 68 0 59 0} 61 0} 66 3 63. 83 0. 67 
Snoon He 5. 3 x 72 0} 78 1 79 1 66 0} 67 0 71 9.) T2417 2. 02 
Sipe sneaks 24 76 24 81 4 7 0 69 2 71 16 74 7 75.00 15. 73 
(ra oni ao Bae es 119 75 66 79 41 70 8| 62 9 66 12} 69 255 | 70.17 57.30 
2 ee 10 61 76 66 14 57 0 62 1 57 + 54 104 57. 83 23. 37 
12 midnight....} 0 58 0 61 4 56 0 2 0 61 0 4 4 62.00 0. 90 
Total..... tee | 166 | as Bz.| sas Balas oy Sa co Re 445 | SSS Ts 8. 
Total number of OBES ORM LOU 2 Orin esa iis aw wigan eget ore ahr tne anc anirerrararho neers ar atrial Tad arene oe 394 
Total nimmper/of eggs ON Capes. - oe nn ba ne nto pew en wep wine ewe Ene nie = ne oe Bs a 51 
Per cent oferes on ieliape: bo. 23. 3. Ss. b A ee ee Eo ee . 54 


In 1920, five cages of moths were used for observations on the 
time of oviposition, the results of these observations being pre- 
sented in Table 53. During the time these moths were under special 
observation they deposited no eggs between midnight and 9 a. m. 
Thereafter, the number increased for each succeeding 3-hour period 
until the period ending 6 p. m., during which 40.92 per cent of the 
total were deposited. Between 3 p. m. and 9 p. m., 68.97 per cent of 
all eggs were deposited. 
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TABLE 53.—Time of oviposition by codling moths of the spring brood, in 3-hour 
periods, Yakima, Wash., 1920. 


Date of oviposition. 3 
>) 
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BSR COM TOLGLES ONMOMNALO <ine sole ade ceisat heme a canes cielo icaibiacwninieisc ccs Osweldenaccte ocduckamnan cane 81.19 


These tables demonstrate that the spring brood of moths deposit 
a great majority of their eggs between 3 p.m. and 9 p.m. A com- 
parison of the temperatures with the number of eggs deposited shows 
that very few eggs are deposited when the temperature is below 60° F. 
For example, in Table 53, no eggs were deposited on June 25 between 
6 p.m. and 9 p. m., the temperature being 61° F. at 6 p. m. and 
51° F. at 9 p. m. On the other hand, high temperatures do not 
necessarily cause the moths to oviposit, the maximum oviposition 
occurring nearly always after the maximum temperature for the day 
has been reached. 

Moths of the first brood.—In 1919, six cages of moths were used 
for 3-hour oviposition records, the data secured from this study being 
shown in Table 54. The maximum oviposition occurred between 
3 p.m. and 6 p. m., 41.20 per cent of the eggs being laid during this 
time, and between noon and 6 p. m., 79.27 per cent of the eggs were 
deposited. With one exception, no eggs were deposited between 
midnight and 9 a. m. 


TaBLE 54.—Time of oviposition by codling moths of the first brood, in 3-hour periods, 
Yakima, Wash., 1919. 
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In 1920, five cages of moths were used and, as shown in Table 55, _ 
the majority of the eggs, 54.18 per cent, were deposited between — 
6p.m.and9p.m., and 88.47 per cent were deposited between 3 p. m. 
and 9 p. m. : 


TaBLE 55.—Time of oviposition by codling moths of the first brood, in 3-hour periods, 
Yakima, Wash., 1920. 


Date of oviposition. 
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In 1921, this study was again made with first-brood moths, five © 
cages being used. As in 1920, the majority of the eggs, 54.68 per — 
cent, were deposited between 6 p. m. and 9 p. m., and 89.35 per cent — 
were deposited between 3 p.m. and 9 p.m. (See Table 56.) ‘ 


TABLE 56.—Time of oviposition by codling moths of the first brood, in 38-hour periods, 
Yakima, Wash., 1921. 


Date of oviposition. 
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These tables show that normally the first brood of moths deposit 
most of their eggs between 3 a m. and 9 p. m., just as is the case 
with the spring brood of moths. It will be noted, however, that 
within this 6-hour period first-brood moths deposit more eggs after 
6 p. m. than before, while the reverse is true of the spring brood. 
This is probably due to the fact that evening temperatures in August 
are higher than thosein June. The first brood of moths of 1919 were 
an exception to this apparent rule, depositing more eggs between 
noon and 3 p. m. than between 6 p. m. and 9 p. m., and the maximum 
number being found at 6 p. m. instead of at 9 p. m. During the 
period of observation in 1919 the weather was cooler than usual, and 
quite windy, at least during the latter part of nearly every day. This 
possibly caused the moths to oviposit earlier than they would during 
the normal, hot, nearly windless weather which obtained at the time 
observations were made in 1920 and 1921. 


OVIPOSITION BY INDIVIDUAL MOTHS. 


In order to ascertain the number of eggs deposited by individual 
female codling moths, freshly emerged moths were paired and each 
pair placed in a cloth-covered jelly glass, containing moist sand, a 
sponge saturated in brown sugar solution, and fresh pear leaves, as 
in the other oviposition experiments. These cages were examined 
daily, the number of eggs recorded, and fresh leaves and sugar 
solution supplied. 


TABLE 57.—Oviposition by individual codling moths of the spring brood, Yakima, 


Wash., 1919. 
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1 Date of death unknown. 
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TABLE 57.—Oviposition by individual codling moths of the spring brood, Yakima, 


Wash., 1919—Continued. 


SUMMARY. 

Maxi- Mini- 

Average.| mum. mum. 
mtrier Ul. GHYVS DELOre UVIPUSiuIOn=. oo tse on erotics ia tee eee 8. 78 19 3 
Number of days from emergence to last oviposition ..............-..-..--- 15. 67 31 4 
Nimiberor Ga ys'OL OVI POSItION . 2. Wo: a. poe eee ee eee econ meee 7. 89 22 1 
Number of days on which oviposition occurred...............2....-..----- 4.11 10 1 
Number of days female moth lived after last oviposition .................. 4. 25 14 1 
MOLL enEuMNOL ile OLfeInalo MOLD. OSYS-ce6— nas eee ee ee ene 16.35 33 3 
Number of eggs deposited by one female moth.................2-2.2.-...-.- 8. 24 86 0 
Number of eggs deposited by one female moth in one day............-..-- 4.68 38 0 


Moths of the spring brood, 1919.—Twenty-one pairs of spring-brood 
moths were segregated in 1919, and the results are given in Table 57. 
The average length of life of the females was 16.35 days, as compared 


a 


with 16.91 for females confined in battery-jar cages (see Table 4). — 
The average number of eggs per female in the individual jars was 
8.24, while 300 females in the larger cages ayer ee only 6.36 eggs 


(see Table 3). The periods in the hfe of the mot 


s in this table are 
not comparable with those of Table 3, which gives the data for all 
moths in each eage rather than for each individual moth. The 


largest number of eggs deposited by a female in one day was 388 and 


during her life 86. 


No satisfactory oviposition records for individual moths were 


obtained in 1920. 


Moths of the spring brood, 1921.—In 1921, six pairs of spring- 
brood moths were segregated on May 29 and ih 31 each, as shown 


in Table 58. A comparison with Table 35 


show the average 


length of life of 723 females confined in battery jar cages to be 13.85 
days, while the average life of 12 females confined in pairs was 
14.75 days. These females laid 288 eggs, an average of 24. The 
female of pair No. 2 deposited 94 eges, 47 of them being the maxi- 
mum daily oviposition for a single female. The average egg deposi- 


tion for the two years was 13.97 eggs per female. 


TaBLE 58.—Oviposition by individual codling moths of the spring brood, Yakima, 


Wash., 1921. 
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TasBLe 58.—Oviposition by individual codling moth of the spring brood, Yakima, 
Wash., 1921—Continued. 


SUMMARY. 

ig ee i eee Mini- 

| Average. | mum. | mum. 

\_ 
Niumberordays ibelore 0 viposuionic: «222% <a neds Jato F5. sia tacsageecacecie- 5. 10 9 2 
Number of daysfrom emergence to last oviposition..............-.-.-.---- 11. 30 24 5 
INU Her OLGA yS Of OVIPOSITION ES ot jets cst eae Sonne ae sone eee es 7. 20 16 1 
Number ofdays on which exneuiion OCGUITOE. 275.2 - S535 Ph osnsrsrons soe 4, 50 9 1 
Number ofdaysfemale moth lived after last oviposition. ...........-..-..-. 4, 80 9 1 
Totallencth oflife of female mothiin days... .42 5292) ee ees 14.75 25 7 
Number of eggs deposited by one female moth..............--..-.-------- 24. 00 94 0 
Number of eggs deposited by one female moth in one day.............--.-. 6. 40 47 ) 


Moths of the first brood, 1919.—Ot the 33 female moths of the first 
brood segregated in pairs in jelly-glass cages in 1919, 8 of them failed 
to deposit eggs as shown in Table 59. However, the remaining 25 
laid 988 eggs, or an average of 29.94 egos for the 33 females. The 
average number of eggs per female in Table 10 is 23.39. The average 
length of life of the 33 females in the individual cages was 15.24 
days, which is 2.15 days longer than the average found in Table 11. 
Table 59 also shows the maximum number of eggs per female to be 
173, which is the largest number accurately ietorde in these studies. 


TaBLE 59.—Oviposition by individual codling moths of the first brood, Yakima, 
Wash., 1919. 
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TABLE 59.—Oviposition by individual codling moths of the first brood, Yakima, 
Wash., 1919—Continued. 


SUMMARY. 
: Maxi- Mini- 
BVEERES: um. num. 
Number of days before oviposition..............--.-..22..2-----2---2--+-- 5. 00 i9 1 
Number of days from emergence to last oviposition............-.......-.- 12. 52 21 1 
Namber ofdays of ovignaitaon .. _ - ==. os ne. 8 nnn a = oe bee eases 8. 52 16 1 
Number of days on which oviposition occurred ......-...-.....-------.-.- 4.72 ii 1 
Number of days female moth lived after last oviposition .................. 4. 04 14 0 
Totallength oflife offemale mothin days...............-..----..--.-.--- 15. 24 27 8 
Number of eggs deposited by one female moth...................---..-.-. 29. 94 173 0 
Number of eggs deposited by one female moth in one day........-........ 8.37 78 0 


HATCHING OF THE EGG. 


When the larva is ready to leave the egg it moves its head back _ 
and forth as if to stretch the eggshell. The mandibles are moved — 
about rapidly until the point of one of them is forced through the 
chorion, always at some place on the periphery of the egg. An 
opening the size of the head is soon made in the eggshell and the 
larva crawls quickly out. Occasionally, a larva has been observed 
to kill itself in an effort to emerge from the egg by projecting 
the anal end first through a hole smaller than its Aah 


DATE OF HATCHING OF LARV. 


Since the time when the first, the last, and the maximum number 
of larve of each brood of the codling moth hatch and enter the 
fruit is the most important phase of the life-history studies in their 
practical application to control measures, a comparative diagram of 
the hatching during 1919, 1920, and 1921 is given in Figure 35. 
It will be noticed that the hatching curves for the first brood are 
entirely unlike, and that the first larve in 1919 hatched 5 days 
later than the first larve in 1921, and the first in 1920, 6 days later 
than the first in 1919. The maximum hatching in 1921 occurred only © 
7 days after the first hatching, and this was 10 days earlier than the 
date of maximum hatching in 1919, and 20 days before that of 1920. 

The hatching curves of the second brood are much more alike 
than those of the first brood, and the dates of the first and maxi- 
mum hatching are nearly the same.. It will be noticed that the 
dates of the first hatching in 1919 and 1921 are identical, and that 
for 1920 is 11 days later. The date of maximum hatching in 1920 
is also identical with that in 1921, in spite of the difference of 11 
days in the date of hatching of the first larvee, and the date of maxi- 
mum hatching of second-brood larve in 1919 is but 5 days earlier. 
Figure 35 shows the necessity of accurate life-history data wherever 
efficient and economical control is to be obtained. 


HABITS OF NEWLY-HATCHED LARV. 


Directly upon emerging from the egg the young larve seek food, 
which in, the case of the codling moth is preferably the fruit of the 
apple or pear. Occasionally they will burrow into the veins and 
stems of leaves, and even into the terminal twigs (as shown in Pl. 
Ill, fig. 1). However, of about 250 newly-hatched larve which 
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were placed on the terminal twigs of a small apple tree, only two 
developed to half their normal size before they died. 

Before attacking the fruit, the larva will crawl about for several 
minutes seeking a suitable place to enter. It prefers the calyx cup, 
stem cavity, or an injury to the skin, as these places afford pro- 
tection and ease of entrance. When beginning to feed, the larva 
removes the pubescence on the surface of the apple and cuts into 
the skin, using its mandibles with a circular motion of the head 
similar to the action of an auger. The greater part of the skin 
which is cut away is piled beside the hole, though a little is eaten. 
Larve entering apples dipped in a red stain showed the stained 

articles very clearly intheir digestive systems soon after feeding 
egan. When a hole the size of the head is cut through the skin, 
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Fig. 35.—Time of hatching of codling moth larve, Yakima, Wash. 


the larva excavates a cell large enough to contain its body, and 
enters, at the same time pulling over the entrance of the burrow 
the frass which it has laid aside and held in place with silk. This 
process requires about 14 hours. 


PERCENTAGE OF TRANSFORMING AND WINTERING LARVA. 


In Table 60, it is shown that 84.97 per cent of the first brood of 
larve transformed the same season in 1919, 76.80 per cent in 1920, 
and 82.78 per cent in 1921. In both 1919 and 1921, 6 larve of the 
second brood transformed the same year, being 1.42 per cent and 
1.02 per cent, respectively, of the total larve, while in 1920 only 
one second-brood larva, 0.21 per cent of the: total, transformed. 
In 1919, 15.03 per cent of the first brood of larvee did not. transform 
until the following spring, in 1920 the percentage was 23.20, and in 
1921 it was 17.22. Practically all of the second brood of larve pass 
the winter in cocoons, the percentages being 98.58 in 1919, 99.79 
in 1920, and 98.98 in 1921. 
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TaBLe 60.—Percentage of transforming and wintering codling moth larve, Yakima, 
Wash., 1919, 1920, and 1921. 


Number oflarve— 


Per cent Per cent 
Year. Brood. trans- winter- 
Leaving Trans- Winter- forming ing 
fruit. forming. ing. 

fie a a a ee 
1919 Secor ces cere. J 173 147 84. 97 15. 03 
Second. -...... 423 6 417 1.42 98. 58 
1920 | A Cal 52] es 2 eS 306 235 71 76. 80 23. 20 
hSecone.tte.' 2. 485 484 ak 99.79 
1921 (Biss ic or © | 662 | 548 114 | 82. 78 17. 22 
| Second........ | 589 6 583 1.02 98. 98 


NATURAL ENEMIES OF THE CODLING MOTH. 


Natural enemies of the codling moth are conspicuously absent in 
the Yakima Valley. While collecting larve from bands, evidences 
of attack by predacious insects were occasionally observed, and 
carabid beetles were numerous about the trees, but no beetles were 
noticed in the act of killing larve. 

In October, 1919, at Buena, Wash., a small number of codling-moth 
eggs on harvested apples were found to be infested with a parasite, 
which upon emergence proved to be Trichogramma minutum Riley. 
This is the only instance of parasitism observed in these studies. 

In 1914, at Wenatchee, Wash., the senior author collected from 
cocoons of the coding moth a specimen of an ichneumonid parasite, 
which was determined by R. A. Cushman, of the Bureau of Entomol- 
ogy, to be Aenoplex DRI Cush. In 1916, at Wenatchee, two 
specimens of Aenoplex_plesiotypus and one specimen of another 
ichneumonid parasite, Epiurus zndagator Walsh, also determined by 
R. = Cushman, were reared from codling-moth cocoons by the senior 
author. 

Because of the absence of natural enemies of the coding moth in 
the Yakima Valley, several hundred codling-moth larve parasitized 
by Ascogaster carpocapsae Vier. and Bassus carpocapsae Cush. were 
sent to this laboratory from Dover, Del., by E. R. Selkregg, from 
Cornelia, Ga., by E. R. Van Leeuwen, and from Sandusky, Ohio, by 
G. A. Runner, all of the Bureau of Entomology. Many of these 
succumbed during the extreme cold of December, 1919, and no 
results were obtained the following year. In 1921 a large number 
of these parasites were reared and liberated, and evidences of para- 
sitism were observed in several codling-moth larvee collected under 
bands in August and September. In June, 1922, two specimens of 
Bassus carpocapsae were reared from this material, showing that this 
species is becoming established. These attempts to introduce 
hymenopterous parasites of the codling moth will be continued. 


REVIEW OF SEASONAL HISTORY OF THE CODLING MOTH IN 1919, 
1920, AND 1921. 


The seasonal history of the codling moth in the Yakima Valley 
for 1919, 1920, and 1921 is given graphically in Figures 11, 22, and 32. 
Kach curve shows approximately the occurrence of one stage in the 
development of the insect. A comparison of the seasonal history for 
the three seasons is given in Table 61. 
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TaBLeE 61.—Comparison of seasonal history of the codling moth, Yakima, Wash., 
1919, 1920, and 1921. 


Stage and year. 


‘ Maxi- 
First acer Last 

Pupation of spring brood: 

TE haps Sin Se” Pie Ba ee A Hoek ge, 2S ae a Ge ed eles CS Bl Apr. 8} Apr. 27} May 26 

ZO woe IT I PEE eS oe ee ene ie eae ac ee eae Selene oo Apr. 3] Apr. 26 | May 17 

1 7A beh eee Set <5 So ene Se eee ik Rees tie meena Sede toe: ean Shy Apr. 9j| Apr. 17 | June 6 
Emergence of spring-brood moths: 

eee eee ee ee ead awe oe ne eae Sone nt Loca Sees st Re May 13] May 21 | June 19 

ISL ed Se RU mae REE RUS ae ere een Cee sen A Sen le EE ms May 10| June 2/|July 2 

LRA ES ety SESE EEE - 9 BEE Bie EREeL 8 A tne, ee Ree oe 2 ree ee May 19 | May 30] June 27 
Deposition of first-brood eggs: 

BONG saree crerarc ta aio ae a Sap tet oe a a era ak oe i ee eae cp, ae May 21 | June 4 {| June 24 

TOD ee tne te. Sees se dee Stor oes doa aah ie an te eae tee gece May 12} June 18 | July 11 

TPA LS ROO RIN lal ee See Sree acne) Ee need Seem Sie aera Si May 23/June 41] June 30 
Hatching of first-brood eggs: 

LTRS ete gael sO anita eye Selig ak eyelet Benassy teks Connie Menai) ate Lame hale June 7/ June 18} June 29 

cee ER a 8 2d Lhe) ee ee A ee SL 2 Se ES ee | June 12 | June 28 | July 14 

UP io sora 8 See Esc mC GES UD CECE SUOCOS OH HES Sa abe BEE CARE Hee ae arya June 2} June 8} July 10 
First-brood larve leaving fruit: 

AS) eStats AA Pee SA SAE SER 5o te Sts See SEI SESS. 2 OOS June 23 | July 12] July 31 

bi | Me Rae oO ee oes See | Bee Oe nee fear ee Sea, ee July 6} July 18] Aug. 16 

G2 ee eee aes ne cine mses tater sap eaweas estan ese See June 22} July 14j Aug. 3 
Pupation of first-brood larve: 

eet eee) es er A as a a cabin ode e ease ss ct ass July 7] July 19} Aug. 12 

Oe ee oa An a Bic A ae Me Me ee July 10} July 17} Aug. 15 

Oe ee ae eee ee es ha che the ee CY Ss be on be ek the July 5] July 23} Aug. 15 
Emergence of first-brood moths 

pT OS ee a iy 2 ee ee ee a eee ALE PA ee July 8| July 19 | Sept. 24 

ee ee Ye Sh rid. Se ee win os os as iamm a = July 23 | Aug. 15 | Sept. 30 

POD Eee ere. ae Pere ee eee eee Se pe Ptowiae ee a ce we cae oe ences odeatee July 13 | July 31] Oct. 9 
Deposition of second-brood eggs 

1 NOTE Bi se I ct be i ee Se Fhe pak ep a a eae it et a a a July 15 | July 29 | Sept. 20 

OD he ed enc Nt A ands 2 ttercls Sb etal StS See wees se eee ees July 27} Aug. 7] Oct. 10 

PAD De eo ae 2 Se ey eee a ee a July 15| Aug. 7 | Oct. 13 
Hatching of second-brood eggs: 

Ripe en ee Se Lock ns se Rr vs nr nt on xe 2c yh sags cen xR Ms July 22] Aug. 7| Sept. 27 

UNpile cee 5 ibe Se Sed aed sgh oc ee beds soto Sob ceee eeenenctcnonebatcoss Aug. 2) Aug. 12| Oct. 13 

NOt eae a ei ae ee Eee. FS SEIT SED Pose oe KS tS ah thes hae s fo July 22 | Aug. 12} Oct. 2 
Second-brood larve leaving fruit: 

EE Ree rae Paar Tama aetna. WS RS e oe SAREE SASL HES BEEBE Geese 50 Aug. 13 | Sept. 3} Oct. 28 
TUE TS oe be eS eS Ss Oe tse ee ee Re ne Steerer Aug. 19| Sept. 4| Nov. 2 
ie ie oes Seeeei fae sos dos Sect coer coboast be eete Shee Leck ooagtins Aug. 10 | Sept. 5 | Nov. 13 


SUMMARY. 


The seasonal-history studies recorded in this bulletin were made 
in the Yakima Valley of Washington during the years 1919, 1920, 
and 1921. 

The codling moth, while not as serious a pest in Washington as 
it is in some other States, is the most serious and widespread insect 
pest with which the Washington apple growers have to deal. The 
climatic conditions are such that two practically complete genera- 
tions occur, with a very small third generation in some seasons, as 
evidenced by the data herein. 

A comparative summary of the length of the various periods in 
the life cycle of the codling’ moth at Yakima in 1919, 1920, and 
1921, is given in Table 62. The figures in this table are taken from 
the individual tables and not from the combined life-cycle tables 
for each year. 


- 
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TABLE 62.—Summary of the average length of the different periods in the life cycle 
of the codling moth, Yakima, Wash., 1919, 1920, 1921. 


Spring brood, First generation. Second generation. 

a Feed- 

Pre Pre- ing in 

Pu- | ovi- | ™@lFeea-| © | Pu Bee | COS ene a 

al |posi-] P@ | ing |©°2"| pal | posi- riod jcoon-| a1 | riod 

Season. Et tion Seaing |e. 1B tion |(trans-| ing | P Aah 
pe- | tion pe pe- | pe- pe- | tion form-| pe- pe- | (win- 
riod a riod, | 04:'] rioa, | Tod rod ing riod. | 10d. eee 
tr re)3 
Days. |Days. \Days. |Days. |Daus. Days. Days: Days. |Days.| Days.| Days. |Days. | Days. 
NOOR ee Oe es 31.63} 5.53) 12.73} 23.82) 6.99) 13.91) 1.63) 58.42) 8.72} 21.80) 7.20) 16.00} 34.51 
THY ticket Marl Sh ocomaepblle Bo. DON 20287101 02601 19-05). 5.48) B2sa21) 2:93) BS ObR 8) 74ic 2 aaa alee ee ee 35. 30 
tA bee SI nelle 29.53) 2.47) 9.31] 25.83} 6.12] 12.62] 1.74] 55.88} 7.70} 16.60) 2.50) 17.67] 34.02 


ee | eee | ee | ee | ee | ee fae | ee | en lee | Ss lS 


Grand average. -.| 31.57] 4.96] 10.88] 22.90} 6.20) 12.97; 2.10) 54.10] 8.39] 19.20) 4.85) 16.84] 34.61 
1 Stock-jar method. 


The various phases in the life of the adult codling moths for the 
three seasons are compared in Table 63. 


TaBLE 63.—Summary of the phases in the life of the adult codling moth, Yakima, 
Wash., 1919-1921. 


e 


Phase and year. Minimum.}| Average. | Maximum. 


Number of days before oviposition by spring-brood moths: 


O19. 2 Bane dhe saiee v. oSeos Cees ooo. Ses ates aea sk cease ee ae 1 5. 53 18 
1990 oe Pil n Slap he ls oS < wloniate hee SINS aiciele weenie tstatal aim aie eee sla oe eee 1 6. 83 22 
NO 2I et He aah a eaten aoira® ote icicine <eicisers ibaceme eet eae sis ciaahe «mee 1 2. 47 18 
etd ofdays before maximum oviposition by spring-brood moths : ane 4 
1 Biot. < cei eRe EEE c Sreea Hosts 2 Snel aye ain Sa epee eee Sterns wpe ae aes kK 1 
190 ES pte UPAR NERA arate Feo pe as aw io Se eis Ge Sie ace eran arate ea AIRS 3 12, 45 23 
Eves cepa Pho TERS ante te eee we Seca. c win ood SEE RSME meme etic eee 2 . 53 18 
Numer of days of oviposition by spring-brood moths: 
AG1Q 2 2 Soreses eee tbs clde Soe ete She Ae BR oe 2 14. 67 24 
1990 2 ees ie. ee eee ee AOI Se She SAE Sse 1 15. 03 27 
MOD Me ee ER on Man Sede Sle cewle cia aise Sale oS aeRO Ai eS Meee em ea 9 19.11 27 
+ eae of days from emergence to last oviposition by spring-brood 
moths: 
AOUO:: ects tees tea 3s SSE ae aE SER dn oe WS ee ae a wide 8 19. 20 28 
LOD Se eee eee aa sis 2 SI = a ine aA pO te Taha See Sia 9 20.70 34 
N921: SPER 2 SACS SSE. EES S02 SO Poe ee oe 11 20. 58 27 
N oe of eggs per female moth of the spring brood: 
oa Re Oe ae ten a Seton mie Sire cite cureioe mae ca See ee eaee mits omit 1 6. 36 86 
190 gotitadaeck Meee ques accmse~ ots coe eetebee ~ Shab ers Ae en Sci mine s Rees Ooi). | sss eross 
Bis, Spann Sa ice, Serer Bids Bh NR pel a ely ea gs, ea hepa e Raye 1 19.77 94 
Length, of life of male moths of the spring brood: 
sie, rapa ae er ers erates Se ees anes Peta IS Aa ache Ma eae 1 15. 33 28 
190 a 0 Pe Ree eee ms See ee oe ane sate Sree De ESRee osu hansen ee 2 16. 65 43 
MOQ Ans. ete tec ee ee cha aoa evi ges ea tok Cadel oe 2 12. 29 33 
Length of life of female moths of the spring brood: 
LOCOCO Atk Opa ys. is ee pen, By Tha erie. 2 16. 91 29 
LD ZO 5. Sida wStesdere oe etan Oe ee oh Eh tattheae big he «dlc abanis eicia'ais 2 17.73 45 
WO rare ose ate sisiate icine wiles RIO Ra Ee ie Sie a Ren cela ab sm alee eae 2 13. 85 35 
umber of days before oviposition by first-brood moths: ; a ; 
LG nm te alenieia a pis pies 6 eee ee a a in tae ace enamine ete : 
WOZO Sia es acl cb pacts bok Ree ae bos eb Abe hE MEL Oe Le» elieodes 1 2.93 i4 
1) 7.) DRI Sabor ey persis A Ree sO)! BGS a SUS ates ea Bee eres 1 1.74 7 
1 4. 21 14 
1 5. 55 18 
2 3. 79 9 
Number of days of oviposition by first-brood moths: 
Wt! Se emnee ne eer aka eR TES gi ea sae sn a SEE RY Ota See ee 9 14.95 24 
TOO ose oie mpaaiain & < desler oe eer Lat 5 15. 70 26 
BORIS ha Stas hc SED v5 oe ee ES ee CSE aceeted ae 1 | 13. 56 29 
Number of d: 1ys from emer; gence to last oviposition by first-brood 
moths: 
MOLD 532 5 308 gle oe. Rapes ees een eae ethene oa too 2a 9 15. 58 26 
DTI ZAN Spc ot be wb ine, ann mee wt A Om nee Re EC RL Bn aE ice: erase wim bt 9 | 17. 64 29 
U2 oie mae inte'ss ues bh eansindwins ae WEE GEE WE NS bias male nun enews 7 11. 29 29 


irs. > 
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TaBLE 63.—Summary of the phases in the life of the adult codling moth, Yakima, 
Wash., 1919-1921—Continued. 


Phase and year. Minimum.| Average. |Maximum. 


Eee Aa Bas ge Nae b ace cet gd 9 2- Ehigcp y3 Beye 1 23. 39 173 
CUA Rees Pere Saat eave a ake Cralaimin Gi cisie ettiene ale Ata crate a NS ea eee ee i ae Pets em i sac Q1-96;'|'-..2- eres 
TAT?2A Vege ge OR SR ge TE ee eS ie te ee eS Se Se a ee 74) IN 1 Be eS 

Length of life of male moths of the first brood: 

HGIGD. APS ISDELS. BASTAASAN ee 48 ECE SUEDE AOD A Dae 2 13. 97 45 
1h GoE eae ta eO Sae ae OAe eo he Pr ee Oe ae ee oe ee ee 2 13. 87 34 
RPA te ey eee ee ee PE eS ae eS cae dnateorae aepicinuee 50 ain 1 ih yp 39 

Length of life of female moths of the first brood: 

[LETT ae elie, ES aaa re IS oe aiastne nice eM | 1 13. 08 37 
IZ Foe ta aa tan eee ue ile steele Pree se os cette Pee. Sites. sees 1 13. 24 {0 
1 11.39 50 


Studies of certain phases of the seasonal history of the codling 
moth in the upper and lower Yakima Valleys indicate that the 
spring brood of moths appears in both valleys at about the same 
time, but that the majority of the mature larve of the first brood 
ae ebyine the apples from a week to two weeks earlier in the lower 
valley. 

Incomplete seasonal history data recorded at Wenatchee, Wash.., 
in 1915 and 1916 indicate that the life cycle of the codling moth is 
approximately the same at Wenatchee as at Yakima. 

winter temperature of —25° F. or colder may kill all the codling 
moth larve above snow line, a temperature of —20° to —25° F. 
may kill 80 to 90 per cent of the larve, a temperature of —15° to 
—20° F. may kill 70 to 80 per cent, while a temperature of only —7° 
or —8° F. kills only about 4 per cent of the wintering larve. 

Moths of the spring brood emerging from cocoons spun in the soil 
may appear from 1 to 9 days later than those from cocoons above 
ground, although in 1922 they appeared earlier on the average. 

Most of the moths of the spring brood emerge in the morning, 
two-thirds of them appearing between 9 a. m. and noon. Moths of 
the first brood emerge over a longer period of the day, but the 
majority of them appear before the maximum temperature for the 
day is reached. 

Female moths of the spring brood deposit 65 to 80 per cent of their 
eges between the hours of 3 p. m. and 9 p. m., most of these being 
deposited before 6 p. m. Very few eggs are deposited unless the 
temperature is 60° F. or higher. Female moths of the first brood 
also deposit a great majority of their eggs between 3 p.m. and 9p. m., 
but owing to the higher temperatures most of these eggs are deposited 
after 6 p. m. 

From oviposition records obtained from individual female moths 
of the spring brood it appears that the moths may lay as many as 94 
eggs, while others will lay none, the average being 14. Moths of the 
first brood deposit twice as many eggs, the number ranging from none 
to 173, with an average of 30. 

The codling moth larva emerges from the egg through an opening 
made in the periphery, never thiough the portion of the eggshell 
adhering to the fruit or leaf. : 

The date of hatching of the earliest larvee of the first brood varied 
as much as 11 days in the three years the codling moth was under 
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observation in the Yakima Valley, and the date of maximum hatching 
varied 20 days. The date of earliest hatching of the second brood of 
larvee also varied 11 days, while the date of maximum hatching varied 
only 5 days. 

Newly hatched larve, after finding an apple or pear, will crawl 
about over it for some time before entering it. It requires an hour 
or more for the larva to hide itself in the fruit, and most of the skin 
is bitten off in small pieces and not eaten. If a larva fails to find a 
fruit, it may burrow into the midrib of a leaf or a terminal shoot, but it 
appears to be unable to maintain itself on this food. 

From 75 to 85 per cent of the first brood of larve, and from less 
than 1 per cent to nearly 2 per cent of the second brood of larve trans- 
form the same season, the others waiting until the following year. 

The egg parasite Trichogramma minutum Riley has been observed 
in the Yakima Valley, and the larval parasites Aenoplex plesiotypus 
Cush. and Epiurus indagator Walsh were observed at Wenatchee. 
Occasional evidence of predators was observed. 
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